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No other spectrophotometer delivers precise data so quickly and easily... 


Over 10,000 Coleman Spectrophotometers are 
in use in industrial, medical and academic laboratories 
all over the world. Their easy operation and superb 
dependability have made them the choice of the Armed 
Forces Medical Corps. 


The key to this world-wide acceptance is sim- 
plicity . . . a time-tried design principle emphasizing the 
fundamentals of practical analysis and discarding all 
complications which add no value to ultimate use. 


The wavelength range is kept within the sensible 
limits of reliable performance and a procedure can be 
found for almost any analysis to utilize Coleman speed 
and simplicity ; 


Unusually wide range of sample sizes. The many 
years of work in so many different fields has produced a 


E 


wide variety of standard cuvettes and adapters. Thus 
the user of a Coleman has available the widest range of 
sample sizes in spectrochemistry. 


Economy . . . in purchase and in use. Low in initial 
cost because of its basic design, a Coleman pays for 
itself in time saved from tedious calibration and opera- 
tion. Two models are available: the Model 6, Junior 
Spectrophotometer, ideal for routine lab work or testing in 
the plant... and the Model 14, Universal Spectrophotom- 
eter for fine analytical work, with long or short path cells 
and adaptable to fluorescence and haze measurement. 


If you haven’t seen Coleman’s “Tools for Science’’. . . write 
today on your company letterhead for this 60 page catalog. This 
book contains useful short discussions of modern analytical methods. 
Write to Dept. B, Coleman Instruments, Inc., Maywood, Illinois. 


N...the world’s 
_most widely used 
‘spectrophotometer 
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How well do you know him... 


Write it LSR—or spell it out—either way your 
Laboratory Supply Representative is a good man to know better! 
ee he’s the trained-with-care representative of 

your local Laboratory Supply House. His 

job: to get you what you need—when you need it. 


ee ehe brings you practical, get-it-done know-how... 
fingertip facts about the thousands of items in 
his firm’s warehouses. Your special problems 
receive his special attention: call on him to help 
locate that hard-to-find piece of equipment! 


ee ehe'll tell you about his company’s “‘extra’”’ services . . . 
the Technical Service Department, for example. 
And he knows—first hand—which are America’s 
finest laboratory products. 


— HE SELLS AMERICA’S FI 
‘Baker Analyze 


These reagents have won the trust 
and confidence of chemists the 
world over for more than fifty 
years. ‘Baker Analyzed’ Reagents 
now show more than 300 ASSAYS. 
These are actual lot assays, not 
merely range assays. 


‘Baker Analyzed’ Reagents also 
provide...an actual lot analysis 
of impurities on the label e the 
most stringent standards in the 
industry e new-as-tomorrow 
packaging, designed for safety, 
convenience and protection of 
purity e and they are quickly 
available through America’s 
leading laboratory supply houses. 


The next time your LSR calls, ask him about 
‘Baker Analyzed’ Reagents. Use them in your owl ame 
compare. We believe you will agree that these are the fines® 
chemicals made. 


J. T. Baker Chemical Co. 
Executive Offices, Phillipsburg, N. J. 


*Laboratory Supply Representative BADGE 
OF BETTER © Leading laboratory 
SERVICE” 


supply houses display 
this Badge of Better 
Service. It stands for 
complete laboratory 
supply service —the 
finest products—the 
leading brands. 


Ky Baker Chemicals 
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FOR SPEEDY, PRECISE, RELIABLE 


Coleman Jr. (MODEL 6) 
SPECTROPHOTOMETER 


For rapid, routine analysis, control and research where only spectro- 
chemistry is worked. Complete with plastic light shield, mounting 
pads, transmittance-density scale, operating directions and constant 
voltage transformer. For use on 110-120 volts. 60-cycle. A.C. 


only. $460 
Coleman Universal (MODEL 14) 
SPECTROPHOTOMETER 


A multi-purpose instrument for spectrochemistry that can be adapted 
for photofluorometry, nephelometry and sectro and electro titra- 
tions. _ Supplied with top-carrier, filter, transmittance-density scale, 

, OP g directions and constant voltage transformer. 
For use on 110-120 volts, 60-cycle. A.C. only. 5 


COLEMAN FLAME PHOTOMETER 


Measures Sodium, Potassium AND CALCIUM directly, 
easily and accurately 


New and Exclusive Atomizer-Burner...Burns common illuminating 
ges or propane with oxygen for a stable high-temperature flame. 
No explosive tank gas required. Safe in the most inexperienced 
hands. 

Simple Direct-Coupled Optics. . .No slits to odie. . mirrors or 
prisms to align. Optical filters provide sp ti 

Direct Reading...Without internal standards. High t 

flame gives full excitation. ..eliminates need for chemical edditives 
such as lithium. 

Easy to Use. . .Safe in any laboratory. The Coleman Flame Photom- 
eter is as safe and easy to use as a Bunsen burner. Flame will not 
blow out or flashback, and pressure adjustments are not critical. 


inning 


<> 


ALL THE APPARATUS, EQUIPMENT, SUPPLIES, CHEMICALS AND 
REAGENTS NEEDED TO RUN TODAY’S MODERN LABORATORIES. 


Lowes. Cost...Highest Value...The Coleman Flame Photometer 
is ready to operate with any modern Coleman Photometer. . . Junior 
Spectrophotometer, Universal Spectrophotometer, Electric Colorim- 
eter, Photo-Nephelometer or Nepho-Colorimeter. 


For users who prefer to conduct flame analysis independent of other 
procedures or who do not have available one of the above Coleman 
instruments, a separate indicating instrument...the Coleman Galv- 
O-Meter is offered. 


Flame Photometer ea. $450.00 
Galv-O-Meter--------------------------- -ea. $150.00 


FISTER’S MANUAL OF STANDARDIZED 
PROCEDURES FOR SPECTROPHOTOMETRIC 
CHEMISTRY 

The Ace for the Coleman in the Clinical Laboratory 
Contains 224 METHODS for the determination of 115 SUBSTANCES 
in various biological fluids. Includes 115 CALIBRATION CURVES 
and 6 CHARTS. 339 TESTS can be performed from the 728 
PAGES of this manual that will pay for itself many times over. The 
most complete Clinical Manual of its kind. 

$30.00 


THE COMBINATION OF A COLEMAN 
SPECTROPHOTOMETER PLUS FISTER’S MANUAL 
The Winning Hand! 


assures the user the most and lest way ible to 


achieve the ultimate results in clinical chemistry. Years of 
analytical procedures have been built around the Coleman Spectro- 
photometers—years of service have proved their ability to 
increase output and to lower costs in the laboratory! 


Don't gamble with spectrophotometric determinations . . 
winning hand! 


. Get the 


_ STANDARD SCIENTIFIC SUPPLY CORP. 
34 West 4th Street e New York 12,N.Y. | : 
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12 GROUP I. THE 
ALKALI METALS. 
THE COPPER GROUP 


A. GENERAL CONTRASTS 


*12-1 Balance: 1 lb. Na in one pan with 1 lb. Cu 
in other. Discuss relative densities in 
terms of ion size. 


Copper wire; K in CCl in test tube over 
burner. Melt Cu wire in burner; melt the 
K by heating CCl. Discuss relative melting 
points in terms of ion size. 


Large block Na, sodium press, wires from 
doorbell and battery. Show conductivity, 
ductility. 


Reactivity. Na, K, penny, dime, forceps, 
knife, filter paper, 10 cm. crystallizing dish 
of water. Cut small pieces of Na and K, 
blot clean, throw upon water (see 3-3). 
Compare with throwing coins into water. 


Flame tests. Shakers containing chlorides 
of Li, Na, K, Cu; burner. Shake salts 
into flame showing color tests. 


Stability of salts. Na flakes, sticks, pellets; 
NaOH-aq., Na2CO;-aq., AgNO;-aq., CuSO,- 
aq.; four 400 ml. beakers, burner. Form 
hydroxides and carbonates of Ag and Cu; 
show AgOH forms Ag.O at room tempera- 
ture, Cu(OH), when heated forms black 
CuO; contrast with Na salts. 


12-2 


12-3 


12-4 


12-5 


12-6 


B. THE ALKALI METALS. Li, Na, K, Rb, Cs, Fr 


12-7 General. Exhibit lye, rubber, rayon, soap, 
etc.; NaOH pellets, flakes, sticks; KOH, 
KCl, washing soda, baking soda. 


Sodium 

Solvay process. Conc. NH,OH saturated 
with NaCl in 250 ml. wide-mouth bottle; 
dry ice. Drop in chunks of dry ice, showing 
NaHCO; precipitating, Solvay process. 
Potassium 

Gunpowder. Mixture of equal volumes of 
KNO;, charcoal and sulfur. Commercial 
gunpowder. Contrast burning rate of syn- 


thetic mixture and commercial gunpowder 
(CARE). 


KNO,; half-filling 5 cm. porcelain dish over 
Fischer burner; powdered charcoal, spoon. 
When molten KNO; is very hot, sift in 
charcoal. CARE. Note purple flame pro- 
duced by K. 


*12-8 


*12-9 
12-10 


Cesium 
12-11 — photoelectric cell set‘ up to ring 
12-12 NH,Cl, NaOH, mortar and pestle, litmus 


paper. Grind solids, show NH; off: smell, 
test with moist litmus paper. 


eneral Chemistr 


Tested Demonstrations in 


12-13 A 500 ml. Erlenmeyer flask containing 10 g. 
NH,Cl + 10 g. NaOH + 20 ml. water; 
delivery tube leading into 1-liter beaker 
of water with few drops phenolphthalein 
indicator. Show NH; bubbles off, coloring 
phenolphthalein red. Water sucks back 
into flask at end of experiment. Why? 


C. THE COPPER GROUP. Cu, Ag, Au 


12-14 Exhibit: ores of these metals, finished 
products, coins, alloys, etc. 


Copper 


12-15 CuSO,-aq., electrolysis apparatus. 
and 11-14. 

12-16 CuSO, anhydrous; CuSQ,, 5H,O; wash- 
bottle, filter paper. Sprinkle anhydrous 
powder on filter paper, then spray with 
water; blue CuSO,, 5H,O forms. 


See 11-13 


Turn the page for additional demonstrations 


*Footnotes 


The pound block of Na can be stored indefinitely in 
a desiccator. 

NaCl + NH; + HO + CO, — NaHCO; + NH,Cl. 
Solvay, the son of a salt merchant, lived as a boy with 
his uncle near a coal-tar works (NH; by-product) 
breathed out some CO; and perspired H;:O; he put 
all of his experiences together and got baking soda! 
Upon heating this he made washing soda: 2NaHCO;— 
Na,CO; + H:O + COr. 

Gunpowder is dangerous. Do not store in kit. Do 
not ignite it if tightly packed since it detonates 
explosively. Loosely pile no more than a gram of 
it, and set fire to it. It burns in a single flash, since 
it is properly granulated to give fast burning reaction; 

oat synthetic mixture will burn much more slowly. 

12-18 Indicate that the Fehling’s test is used to detect 
reducing sugars in the urine; diabetics cannot as- 
similate the sugar. 

12-22 A: humorous twist can be given by dropping a dime 
(unknown to the students) into the AgCl precipitate; 
when the AgCl dissolves, the photographer’s hypo 
(the sodium thiosulfate) dissolves the AgCl but not 
the Ag, so the dime suddenly flashes into view. 

Labels for Topic 12. (For code, see instructions for as- 
sembling kits, J. Chem. Educ., 32, 12A(1955).) 12-1-J-1- 
Ib. Cu, 12-2-w-Cu wire, 12-2-N-CCl, 12-4-w-pennies, 12-4-w 

dimes, 12-5-w-shaker top-LiCl, 12-5-w-shaker top-NaCl, 
12-5-w-shaker top KCI, 12-5-w-shaker top CuCl, 12-6-J-Na 
flakes, pellets, sticks, 12-6-N-NaOH aq., 12-6-N-Na:CO; aq., 
12-6-N-AgNO;, 12-6-N-CuSQ,, 12-8-N-conc. NH,OH, 12-8- 
N-sat. NaCl no 12-9-w-KNO;, 12-9-w-charcoal, 12-9-w- 
sulfur, 12-10-J-KNO;, 12-10-J-charcoal, 12-12-w-NH,Cl, 
12-12-w-NaOH, 12-13-w-NH,Cl, 12-13-w-NaOH pellets, 12- 
alein soln., 12-15-N-CuSO, 12-16-w- 
CuSO, anhydrous, 12-16-w-CuSO,, 5H,O, 12-17-N-CuSO, aq., 
12-17-N-NH,OH, 12-18-Stock, Fehling’s Solution A: 69 g. 
CuSO, 5H,0 + 1000 ml. water, 12-18-Stock, Fehling’s Solution 
B: 350 g. Rochelle salt (Nak tartrate) + 100 gz. NaOH + 
1000 ml. water, 12-18-N-Fehling’s solution A, refill from 
stock, 12-18-N-Fehling’s solution B, refill from stock, 12-18- 
N-sucrose aq., 12-18-N-glucose aq., 12-19-Stock, Sil ng 
solution A: 10 g. AgNO; + 500 ml. water, + NH,OH ti 

precipitate dissolves + 500 ml. water more, 12-19-Stock, 
Silvering solution B: 2 g. AgNO; + 1.6€ g. Rochelle salt 
(NaK tartrate) + 1000 ml. water, 12-19-N-silvering solution 
A, refill from stock, 12-19-N-silvering solution B, refill from 
stock, 12-20-d-K,Cr.O; aq., 12-20-N-AgNO; aq., 12-20-d- 

Na;AsQ, aq., 12-20-d-KCl aq., 12-20-d-KBr aq., 12-20-d-KI 

aq. 12-21-d-AgNO; aq., 12-21-N-NaCl aq., 12-21-w-M 

ribbon, 12-22-w-dimes, 12-22-d-AgNO; aq., 12-22-d-Na' 
12-22-N-sodium thiosulfate 12-23-w-gold leaf, 
12-24-N-blue colloidal gold, 12-24-N red colloidal gold, 
12-24-d-gold chloride dilute solution. 


12-1 
12-8 


12-9 
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12-17 Cupric tetra-ammine. CuSO,.-aq., NH,OH, 


two 2-liter jars. In one jar add NH,OH 
to 20 ml. CuSO,-aq. in water, forming 
Cu(OH).. In the other repeat this, then 
continue to add more NH,OH to form deep 
purple Cu(NH;),SO,. 


*12-18 Fehling’s Test. Solution A: 69 g. CuSO,, 


5H20 in 1000 ml. water. Solution B: 350 
g. Rochelle salt (NaK tartrate) + 100 g. 
NaOH + 1000 ml. water. Two 250 ml. 
beakers over burners, sucrose-aq., glucose- 
aq. In one beaker heat 100 ml. solution 
A + 100 ml. solution B + 10 ml. glucose- 
aq.; in the other use A + B + 10 ml. 
sucrose-aq. The first, being a reducing 
sugar, reduces Cut*, a color change from 
blue to green to yellow to red (Cu,O) oc- 
curring. Nothing occurs with sucrose. 


Silver 


warming if necessary; silver mirror forms 
in few minutes. 


12-20 Insoluble silver salts. AgNO;-aq., KeCr,0;- 


aq., NasAsO,-aq., KCl-aq., KBr-aq., KI- 
aq., six test tubes. Form silver salts. 


12-21 Photographic process. Unexposed photo- 


graphic film, a negative and a positive 
film, AgNO;-aq., NaCl-aq., filter paper, 
funnel and filter stand, Mg ribbon, burner, 
forceps. Form AgCl; filter; blot pre- 
cipitate dry, spread on filter paper. Expose 
half of it to the light of a burning Mg ribbon; 
dark Ag forms, as in photographic process. 


*12-22 Photographic fizer action. Dime, AgNO;-aq., 


NaCl-aq., sodium thiosulfate-aq., a 400 ml. 
beaker. Form AgCl then add sodium thio- 
sulfate, stirring; this dissolves the AgCl 
imitating the operation of photographic 


12-19 Silver mirror. Solution A: 10 g. AgNO; 
in 500 ml. water. To this, add NH,OH Gold 
until the precipitate which first forms dis- come, 
solves, then add 500 ml. more water. Solu- tahes. Disseive gold a aqua regia (1 
tion B: 2 g. AgNO; + 1.66 g. Rochelle volume HNO; + 3 vols. HCl). 
salt (NaK tartrate) + 1000 ml. water. A 


500 ml. Ernlenmeyer flask over burner. 12-24 Exhibit: red and blue varieties of colloidal 


Mix equal quantities of solutions A and B, 


Next month's Tested Demonstrations in General Chemistry 
13. GROUP Il. THE ALKALINE EARTH METALS. THE ZINC GROUP 
For a complete list of topics for 1955-6 see J. Chem. Educ., 32, 28-9(1955) 
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The Welch DENSICHRON 
— (0) 


TRANSMISSION 
DENSITOMETER 


in PAPER CHROMOTOGRAPHY 


Gives Outstanding Results in «Quantitative Micro-Analysis 


Patent No. 2424933 


It has been found that, because of the differential migration of the solutes through filter paper the maximum 
color density of the paper is proportional to the concentration of material. The “no drift” feature and the high 
sensitivity of the Densichron provide measurements of excellent repeatability with accuracies having high statistical 
significance. It has been successfully used for amino acids, sugars, vitamins, steroids, hormones, drugs, and an 


endless variety of both organic and inorganic compounds. 


Write for literature describing the production of papergrams and the use of the Densichron for quantitative 


determination by the maximum density method. 


TRANSMISSION LIGHT SOURCE UNIT. This is an enclosed light 
source powered by a coristant-voltage transformer and equipped 
with a hinged arm for supporting the Densichron probe. The plate 
or film to be observed is placed over the aperture and the probe 
is lowered into position for a reading. Suitable controls are pro- 
vided. It operates on 115 volts, 60 cycles A.C. 


DENSICHRON WITH BLUE OR RED PROBE. This consists of the 
amplifier with logarithmic-scale meter, blue or red sensitive probe, 
metal probe support, five different measuring apertures, a cone 
with Ye-inch aperture, and a set of instructions. The amplifier 
operates on 115 volts, 60-cycle A.C., only, except on special 
order. 


Consists of Densichron, Probe, and Transmission Light Source 


No. 3835B Complete $425.00 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
—————-ESTABLISHED 1880——————— 

1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments ans !ohoratory Apparatus 
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Decemser is a month when thoughts often rise above 
the usual level of the year’s activity. Not only does 
the end of the year encourage retrospect, but almost 
always there are times during the hectic mechanical 
idolatry of the Christmas season when men’s minds are 
drawn to the contemplation of some larger meanings in 
the flow of the world’s events. When we think of the 
big events in science for 1955, we are reminded of Pas- 
teur’s words. He referred to himself as “...a man 
whose invincible belief is that science and peace will 
triumph over ignorance and war, that nations will 
unite, not to destroy but to build, and that the future 
will belong to those who will have done most for suffer- 
ing humanity.” 

Here is a credo for the thoughtful scientist. Unhap- 
pily, it sometimes has been the bland idealist chirping 


the happy song of the inevitability of progress who has 
taken over such high-sounding words and cheapened 
their meaning. Realistically, humanity is still suffer- 
ing. Science has not worked itself out of a job by 
attaining that goal of triumphant ascendency over 


ignorance and war. Nevertheless, as 1955 joins his- 
tory’s parade of the years, a contemplative scientist 
thinking about his colleagues’ achievements can make 
an interesting list. It will contain events with more 
genuinely optimistic implications than has been the 
case in some recent years. What are some of these 
events? We shall suggest only two. 

The unparalleled success of the Geneva ‘‘Atoms-for- 
Peace”’ Conference probably heads any list. In spite 
of the S in UNESCO, the repeated statements-of-posi- 
tion by eminent scientists, and even the Eisenhower pro- 
posal of December, 1953, the man in the street still has 
located chemistry and physics in the camp of the de- 
stroyers of humanity. Even more wrong has been the 
layman who put the chemists and the physicists them- 
selves on the same shelf with the A bomb, H bomb, and 
C bomb. Here they were to be tucked away until the 
time when some mysterious, soulless super-scientist 
should decide to do away with humanity. The dra- 
matic demonstration of exactly the opposite point of 
view at Geneva makes that meeting science’s most 


‘ 


historically-significant Christmas present to humanity 
in 1955. Science once again appears to the layman to 
be the activity engaged in by world citizens. A tech- 
nical meeting is supposed to advance knowledge by 
allowing for exchange of research information and the 
airing of new hypotheses. The profound effects this 
meeting had on international relations may prove to be 
even more significant than its advancement of nuclear 
science. The forces of freedom as well as the forces for 
unity in our mid-twentieth century world are stronger 
as a result. 

A second event of the year belongs on any list of this 
type. We refer to the Salk-vaccine experiment. 
Opinions may vary on its administration, its timeliness, 
or the degree to which it was more than an “experi- 
ment.’’ That it is one more way in which science has 
“strengthened the hand of the Good Samaritan,” few 
will deny. Beyond this rather obvious significance 
there seems to us to be an aspect of great importance to 
the understanding of science by the humanity it serves. 
This is the greater appreciation of the statistical nature 
of much of our scientific knowledge. The reverence of 
the layman for the laws of physical science is often 
coupled with a false hope for the time when society can 
apply the allegedly all-powerful scientific method and 
discover equally valid laws for itself, analogous to those 
for molecules. Nothing tempers the worship of statis- 
tics like being a statistic. Being even a statistical vic- 
tim of polio is not to be taken lightly. In this setting 
the people participating in the experiment, while real- 
izing that they represent a large portion of the popula- 
tion, still think of themselves as individuals. This 
experience should lead to a more realistic appreciation 
by laymen of the statistical nature of many of science’s 
laws. Perhaps the acceptance of one more misconcep- 
tion thus can be lessened. 

These are but two of the year’s events which can 
make this Christmas certainly more peaceful and pos- 
sibly less ignorant. In each, science has done more 
than reveal] new information. ‘Knowledge comes, but 
wisdom lingers,’’ said the poet. We would like to think 
that in 1955 science has sped the laggard just a little. 
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AROMATIC SUBSTITUTION BY FREE 
RADICALS 


Aurnoven electrophilic and nucleophilic aromatic 
substitution have been treated extensively in recent 
texts and review articles (1), homolytic substitution has 
received relatively little attention. An attempt is made 
here to summarize recent investigations upon orienta- 
tion and reaction rates. 


EARLY WORK 


The various early reports of aromatic radical sub- 
stitution must be treated with caution, since quantita- 
tive data is usually lacking. Solubility differences 
made strict comparison of yields difficult, and in many 
cases only the principal products were isolated. Al- 
though the Gomberg reaction had been established as a 
method of arylation since about 1924, the first recorded 
example of the isolation of all three isomers in a homo- 
lytic arylation process (2) did not appear until ten years 
later. 

Nevertheless, in the period from 1930 to 1950 it be- 
came clear that in radical reactions the usual rules of 
orientation were not observed, and that substitution 
frequently took place para and ortho to the original 
substituent, irrespective of whether it was normally 
classified as para-ortho or meta directing. 

In 1938-39, Hey (3) obtained approximate figures 
for the isomer distributions observed when chloro- 
benzene, bromobenzene, and toluene were substituted 
by the diphenyl radical, which pointed definitely to 
para-ortho orientation. Some ten years later a some- 
what similar picture emerged from the work of Loebl, 
Stein, and Weiss on the hydroxylation of nitrobenzene 
(4). 
Much of the earlier work involved the separation of 
reaction products and the value of the results was there- 
fore markedly dependent on the separation techniques. 
It is not surprising that the less soluble para compounds 
were often isolated in higher yield than the generally 
more soluble ortho isomers, a fact which led to under- 
estimation of the extent of ortho substitution. The 
last few years have seen the application of more rigor- 
ous analytical methods which do not require separation 
of the products at all, particularly infrared spectros- 
copy. Although earlier semiquantitative reports are 
discussed, it is chiefly with the more recent accurate re- 
sults that this paper is concerned. 


THEORY OF AROMATIC HOMOLYTIC SUBSTITUTION 


Since in homolytic substitutions the attacking entity 
usually carries zero charge, it might be expected that 
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the reaction would not be susceptible to directive in- 
fluences due to substituents. If this were so, the ratios 
of isomers produced would be 40 per cent ortho, 40 
per cent meta, and 20 per cent para. Since substitu- 
tion is found to be predominantly para-ortho (7. e., 
meta < 40 per cent), substituents evidently do exert 
a directive effect. 

As in many cases of activation toward electro- 
philic reagents, activating groups usually activate all 
positions, but the predominance of para and ortho 
substituted products may be understood from a con- 
sideration of the transition states for substitution of 
Ph—Y by radical R (6). 


H 
(I) 


Evidently the energy of structures (I) and (II) should 
be lower than that of (IIT), since the conjugation is less 
complete in the latter case. 

The transition state in radical substitution of ben- 
zene presumably involves the formation of a pentadieny| 
radical, which, since it may be considered as derived 
from either a pentadieny! cation or anion, ought to be 
stabilized by substituents which will stabilize either 
the cation or the anion (6). Thus, formation of the 


transition state should be facilitated by both elec- 
tron-yielding and electron-withdrawing substituents. 
Quantum-mechanical studies by Wheland and Coulson 
lead to similar conclusions (7, 8). 

The fate of the H atom which is lost from the tran- 
sition state, presumably at the position of substitution, 
is uncertain. It may produce new radicals, or it may 
reduce either reactants or products. 

It must be remembered that substitution is not the 
only possible mode of attack by radicals on aromatic 
systems. Abstraction of hydrogen may also take place 
with the production of aromatic radicals: 


Ar—H + R- ——> Ar- + RH 
and these would be expected to yield diaryls by dimer- 
ization. 
Ar- + Ar- ———> Ar—Ar 
Although abstraction of hydrogen has been found to 
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occur in some reactions, disubstituted derivatives of 
diphenyl] are not found as products of the phenylation 
of monosubstituted benzenes (9). 

The reactivity of organic radicals varies consider- 
ably; in general, alkyl radicals do not react with ben- 
zene derivatives unless the latter are highly activated. 
In most investigations the organic radicals have been 
aromatic. 


ORIENTATION BY SUBSTITUE?ITS 


Nitro Group. Substitution of nitrobenzene has been 
extensively studied (5, 10, 11), especially by Hey and 
co-workers. Attack by phenyl! and substituted phenyl 
radicals is effective at all positions in the nucleus, and 
para-ortho orientation is the rule; pheny] radicals from 
five different sources yield substantially the same isomer 
distribution. Quantitative data for this and other re- 
actions are given in Table 1. Analyses were carried 
out both by bromometric titration of the bases obtained 
on reduction of the nitrodiphenyls, and by infrared 
spectroscopy. 

All three mononitrophenols are produced by attack 
of hydroxy] radicals on nitrobenzene, but the proportion 
of meta isomer is substantially less than the “statisti- 
cal” 40 per cent. Loebl, Stein, and Weiss have used 
Fenton’s reagent (4) and the action of X-rays on 
aqueous solutions (12) as radical sources. Although 
the two methods appear to yield similar results, side- 
reactions made it difficult to obtain any but approxi- 
mate figures with Fenton’s reagent, and only the results 
with X-rays are included in Table 1. Isomer propor- 
tions were found to vary somewhat with changing pH. 
The reactions proceeded readily in the cold, and were 
formulated: 


+ 0H —— [on—Z_S] + HO 


As might be expected, large quantities of dinitrodi- 
phenyls were formed in addition to the three nitro- 
phenols. It is noteworthy that some attack took 
place at the 1-position, the nitro group being removed 
by a hydroxy] radical to give a pheny] radical and nitric 
acid. 


¢_S-no, + -OH —-¢ . + HONO; 


Approximate figures were reported by Dannley 
and Gippin (13) for benzoyloxylation of 1-nitronaph- 
thalene using benzoyl peroxide. Substitution oc- 
curred in the 2-, 4-, and 5-positions, the mole ratios of 
isomers being as shown: 


NO; 


10 18 
Halogens. Substitution of chlorobenzene by hy- 


droxy! radicals produced by X-rays has been shown to 
yield less than 40 per cent of the meta isomer, though 
the figures cited are approximate (/4). The isomer 
distribution was found to vary with changing pH of 
the reaction medium, the percentage of meta isomer 
being higher at pH 2 than at pH 6 or 12. Similar re- 
sults attended the use of Fenton’s reagent. 

The authors formulated the hydroxylation reaction 
as follows: 


Pheny] radicals attack the halobenzenes in all three 
positions, the isomer distribution being similar for all 
four compounds (15, 16). The percentage of ortho 
isomer is roughly the same as in the phenylation of 
nitrobenzene, but the figures for meta and para isomers 
are quite dissimilar. In the case of the halogen com- 
pounds the percentage of meta isomer is approxi- 
mately three to four times as great as that found for 
nitrobenzene, while the percentage of para isomer is 
about half as great. The ratio of meta to para halo- 
diphenyls is roughly 2:1, 7. e., the “statistical” ratio. 

When attached to a naphthalene nucleus, chlorine 
and bromine direct benzoyloxy radicals mainly into 
the 4- and 5-positions, but some 2- isomer is also formed 


(13). The mole ratios of the various isomers are as 
indicated. 
Cl Br 
Y | 
\ 
140 160 200 410 


Hydroxyl groups. Like nitrobenzene, phenol is 
readily substituted by hydroxyl radicals derived from 
Fenton’s reagent or from the action of X-rays on aque- 
ous solutions (17). 

Oxidation and complex formation occur when ferric 
ions are present, and the X-ray method has proved more 
amenable to quantitative study. Quinol and catechol 
are both formed, but not resorcinol. The ratio of quinol 
to catechol varies with changing pH, but is about two in . 
neutral solution. Under some conditions quinones are 
produced, apparently without the intermediate forma- 
tion of dihydroxy-benzenes. It is of interest that o- 
benzoquinone, the predominating quinone in acid 
solution, is also formed when neutral solutions of phenol 
are subjected to the action of tyrosinase. 

Hydrocarbons. Aromatic hydrocarbons other than 


benzene present a problem in orientation, but quanti- 
tative information conceraing radical substitution in 
such molecules is rather meager. 

Naphthalene yields 1- and 2-naphthols when treated 
with benzoyl peroxide, Fenton’s reagent, or solutions 
of hydrogen peroxide irradiated with ultraviolet light 


(18). 


The ratio of 1- to 2-naphthol formed in the two 


607 

H.O H ° -OE 

— 

(IIT) 

| 
| 


latter reactions has been estimated from paper chro- 
matograms as approximately three or four to one. 
The formation of salicyclic acid also was observed. 

The most reactive positions for attack by benzoyloxy 
radicals in solvent chlorobenzene at 80°C. have been 
studied for a number of polycyclic aromatic hydro- 
carbons (19). These positions are indicated by arrows 
in the formulas below. Phenanthrene and chrysene 


1,2-Benzanthracene 3,4-Benzopyrene 


Anthracene 


are inert under these conditions. There is a low yield 
of dibenzanthraquinones when 1,2-5,6-dibenzanthra- 
cene reacts in the presence of air. 

Dipheny! is substituted by phenyl! radicals in all 
three positions, the ortho isomer comprising about 50 

_ per cent of the total (20). The percentage of para iso- 
mer is slightly greater than that of meta. 

Two examples of the orientating effect of an aliphatic 
side chain recently have been studied by Hey and co- 
workers. The compounds chosen, toluene and tert- 
butyl benzene, present a striking contrast. Phenyl- 
ation of toiuene! results in a yield of o-methy! dipheny] 
of approximately 71 per cent, with the yield of meta 
compound somewhat greater than that of the para (27). 
Tert-butyl benzene, on the other hand, yields only 24 
per cent of o-tert-butyldiphenyl, with the meta and para 
isomers in approximately statistical ratio (22). As can 
be seen from Table 1, the ortho isomer invariably 
accounts for at least half the total product in other 
aromatic phenylations, and the low yield of 0-tert- 
butyldiphenyl is ascribed to steric hindrance. It is 
interesting that the other examples of homolytic sub- 
stitutions in which the yield of ortho isomer is well 
below 50 per cent are the hydroxylation of nitrobenzene 
and chlorobenzene. 

Heterocycles. Little quantitative information is 
available concerning radical substitutions in hetero- 
cycles. It recently has been shown that pyridine is 
phenylated at all positions, but more than 50 per cent 
of the product is 2-pheny] pyridine (23). The ratio of 
meta to para isomer is statistical, 7. e., 2:1. 

Recent work has shown that quinoline is nitrated by 
pernitrous acid in the 6- and 7-positions, 7. e., in the 
benzenoid ring (24). This reaction is believed to 
involve both hydroxy] and nitrogen dioxide radicals, 
and is of interest since the reactivity of benzene and 
pyridine toward phenyl radicals is about equal. There 
is apparently no formation of 5- and 8-nitroquinolines. 


REACTION RATES 


The problem of reaction rate is closely connected 
with that of orientation. The division into para-ortho- 


1 Substitution in the side chain may also occur, but can be 
eliminated by using a low concentration of benzoyl peroxide. 
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and meta-directing substituents is much less definite 
for homolytic substitution than for many heterolytic 
reactions, and this blurring of familiar distinctions ap- 
plies equally well to the rates of homolytic substitution 
reactions. The enormous changes in rate which fre- 
quently accompany change of substituent in hetero- 
lytic substitutions have not been observed in corre- 
sponding homolytic reactions. 

,Two main approaches are available for the study of 
the effect of substituents on reaction rates. The first 
is the direct measurement of rate constants with and 
without the substituent. This method involves the 
difficulty that in many cases there is no certainty that 
the rate-determining stage is the substitution itself. 
The second method, that of competitive reaction, con- 
sists in allowing an equimolar mixture of two compounds 
under comparison to compete for a limited quantity of 
reactant. The latter approaeh has proved the more 
useful in the study of both heterolytic and homolytic 
substitution. An extension of the method allows in- 
direct comparison of rates for two compounds which 
cannot be compared directly (25). 

One of the first experiments of the competition type 
to yield useful information was that of Grieve and Hey 
(26), who observed that the yield of nitrodiphenyls 
was four times as great as the yield of methy! diphenyls 
when toluene and nitrobenzene were allowed to com- 
pete for phenyl radicals. Eighteen years later, Hey 
and co-workers obtained a quantitative comparison of 
the rates of substitution of benzene, nitrobenzene, 
chlorobenzene, and pyridine by phenyl radicals (9). 
The relative rates are as shown in parentheses: 


PhH (1); PyH (1); PhCl (1.44); PhNO, (4) 


Since the isomer proportions are known for the 
phenylation of nitrobenzene, partial rate factors? can 
be calculated, and the effect of the nitro group com- 
pletely specified. Partial rate factors for this and for 
other phenylations are set out in Table 2. Evidently 
the nitro group weakly activates all positions, but 
chiefly the ortho and para. These results agree qualita- 
tively with theoretical predictions (7). 

A similar investigation has been carried out with 
chlorobenzene (15), and the partial rate factors (Table 
2) show that the ortho position is activated to the great- 
est extent, the para position only slightly, while the 
meta position is scarely more reactive than benzene it- 
self. The over-all rate of substitution is 1.44 (ben- 
zene = 1), so that the nitro group activates about three 
times more powerfully than does the chlorine atom. 


2 The partial rate factor for a given position in a given reaction 
is the numerical value of the reactivity of that position com- 
pared to the reactivity of a position in benzene in the same reac- 
tion, the latter having the value unity. The partial rate factor 
incorporates the statistical fact that there are six equivalent posi- 
tions in benzene, and two equivalent ortho and two equivalent 
meta positions in a monosubstituted benzene. A partial rate 
factor greater than unity means activation, a partial rate factor 
less than unity means deactivation. The over-all rate of a 
reaction relative to benzene is obtained by adding the partial rate 
factors for the five positions in a monosubstituted compound and 
dividing by six. 
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As in the nitrobenzene case, theoretical predictions are 
in qualitative agreement with experiment. The dif- 
ference in activating influence of the nitro group and 
chlorine atom also has been demonstrated by Dannley 
and Gippin for the attack of benzoyloxy radicals (from 
benzoyl peroxide) on the a-substituted naphthalenes. 
The relative rates of substitution are shown in paren- 
theses for the substituents studied (13). 


NO, (19); Br (2.0); Cl(1.2); H (1.0) 


It is interesting that the benzoyloxy and not the 
phenyl! radical attacked the nucleus, indicating that 
naphthalene is more reactive in homolytic reactions 
than benzene. The same is true of anthracene, 1,2- 
benzanthracene, and 3,4-benzopyrene (19). 

More recently partial rate factors have been ob- 
tained for substitution of fluoro-, bromo-, and iodo- 
benzene by phenyl] radicals (from benzoyl peroxide) 
(16). The values for nitrobenzene and the four halo- 
benzenes are shown in Table 2. 

It is evident that with all the halobenzenes except 
fluorobenzene the partial rate factors are in the order 
0-> p-> m-, and that every position is activated, even if 
only slightly. The halides thus present a picture simi- 
lar to that for nitrobenzene, although the definite para- 
ortho orientation found with the latter compound is 
much less evident, the activating influence of the halo- 
gens being weaker and much more evenly distributed 
over the ring. 

The over-all activating effect of the halogens varies 
in the order I > Br > Cl > F, which, as Hey, et al. (16), 
have remarked, differs from that observed in electro- 
philic substitution where the order is F > Cl > Br < I. 
The latter order is presumably due to competition be- 
tween inductive electron attraction and conjugative 
repulsion, which both vary in the order F > Cl > Br > I. 
The undisturbed order found in homolytic substitution 
is considered by Hey, et al., to demonstrate that the 
latter type of reaction is not susceptible to electro- 
static influences on charge distribution in the aromatic 
molecule. Theoretical considerations based on free 
valence numbers (27) lead to predictions which are in 
qualitative agreement with experiment. 

The rates of substitution of halobenzenes by phenyl 
radicals have recently been compared with the rate of 
substitution in pyridine (23). The values found were 
PhI (1.1) > PyH (1.0) > PhBr = PhCl (0.9) which 
differ somewhat from those reported previously (15, 16). 
The authors point out that solvent association in the 
competition reaction makes it necessary to exercise 
caution in applying their relative reactivities to other 
solvent systems. 

The fact that homolytic substitutions are susceptible 
to steric influences is illustrated by the partial rate 
factors for the reaction of phenyl radicals with tert- 
butylbenzene and p-ditert-butylbenzene (22) (Table 2). 
This is the first recorded case of over-all deactivation 
in homolytic aromatic substitution, and is attributed to 
steric hindrance by the ¢ert-butyl group of the usually 
favored ortho position. Both the meta and para posi- 


TABLE 1 
Isomer Percentages in Homolytic Aromatic Substitution 
Reactions* 
—Orientation, %— 
Reactant Radical Source o- m- p- Ref. 
PhNO, Ph various 58 10 33 (6) 
“cc “ce “ 65 4 3 1 ( 1 1 ) 
= Pb(OBz), 55 16 29 =(10) 
p-BrPh various 12 (5) 
rh. OH X-rays 33 29 39 = (12) 
PhF Ph Bz,0-2 54 31 15 (16) 
PhCl Bz202 62 24 14 (18) 
and 
Gom- 
berg 
“ OH X-rays 15-40 20-35 35-60 (14) 
PhBr Ph Bz.O2 49 33 17 (16) 
PhI 52 32 
Ph—Ph 49 23 29 (20) 
Ph—CH; “ 71 17 12 (21) 
Pht-Bul 24 #49 27 (22) 
pyridine 58 28 14 (23) 


* Unless otherwise indicated, figures given are mean value and 
are correct to the nearest integer. 


tions are activated. The partial rate factors for these 
positions are roughly comparable to those for fluoroben- 
zene, and it is likely that the tert-butyl group would be 
activating in the absence of steric effects. Introduction 
of a second fert-butyl group into the para position 
further reduces the over-all rate, but the partial rate 
factor for the four equivalent (ortho) positions is raised, 
the reactivity being just less than that of benzene. 

The steric effect of the éert-butyl group has been 
noticed in electrophilic substitutions; partial rate 
factors for mononitration of tert-butyl” benzene are 
given in Table 3 (28). The inhibitory effect exerted by 
the tert-butyl group on substitution in the ortho posi- 
tion recently has led to its use as a protecting grcup in 
the synthesis of 1,2,3-trialkyl benzenes (29). 

The effect of the methyl] group is one of mild activa- 
tion. The partial rate factors are in the order ortho > 
para > meta, showing the absence of steric influence 


(21). The reactivity of the meta position is the same 
as that of a position in benzene. 
TABLE 2 
Partial Rate Factors for Phenylation of Substituted 
Benzenes 
F Cl I 
7.0 .20 2.7 2.59 .79 
1.2 1.25 1.03 1.75 1.70 
1.20 1.2 1.83 1.80 
rate 4.05 1.35 1.44 1.75 1.80 
t-Bu t-Bu 
| .63 .93 
1.0 1.28 
1.4 1.41 
Over-all 
rate 1.9 0.87 0.63 
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SUMMARY 


Owing largely to the work of Hey and his collabora- 
tors, a more or less clear picture of homolytic aromatic 
substitution has begun to emerge. The familiar di- 
vision into para-ortho directing (activating) and meta 
directing (deactivating) groups, which holds reasonably 
well for many electrophilic substitutions (and in in- 
verted form for nucleophilic substitutions), loses its 
significance when homolytic substitution is considered. 


TABLE 3 
Partial Rate Factors for Mononitration of Substituted 
t-Bu 
0.030 i 037 
2.5 
0. 
Over all 
rate 0.033 0.030 24.5 15.7 


It is evident from the foregoing survey that, with the 
exception of the tert-butyl group, all substituents so far 
investigated are para-ortho directing, but it is equally 
evident that the division into para-ortho orientation on 
the one hand and meta orientation on the other has lost 
much of its sharpness. Where the proportion of meta 
isomer is in the neighborhood of 30 per cent (e. g., 
phenylation of halobenzenes), it seems almost appropri- 
ate to speak of an ortho-meta directing group. Indeed 
the term “‘para-ortho directing”’ retains its significance 
only in terms of the inequality p- + o- > 60 per cent. 

This blurring of the distinctions applicable to hetero- 
lytic substitution applies with even greater force to 
reaction rates. In the first place, all groups so far 
investigated, with the exception of ¢ert-butyl, are acti- 
vating, and the ortho position is usually more reactive 
than the others. Secondly, the effect of a substituent is 
generally small compared with the effect of the same 
substituent in a heterolytic reaction. The introduction 
of a nitro group into the benzene ring may reduce the 
rate of electrophilic substitution by a factor of about 
10‘; the same change may increase the rate of homo- 
lytic substitution a mere fourfold. Partial rate factors 
for some electrophilic substitutions (nitration) are 
given in Table 3 for comparison with those for the cor- 
responding phenylations. 

The polar character of substituents does not appear 
to influence activation to any great extent. It may 
be argued that electron-attracting substituents should 
activate more strongly than electron donors (6). While 
the evidence available is as yet insufficient to test this 
conclusion, it is interesting that the nitro group is 
certainly a more powerful activator than the halogens. 

The lack of any marked dependence of activation on 
polarity is hardly surprising, since the neutral attack- 
ing reagent should be uninfluenced by permanent 
electrostatic charges in the substrate molecule, and 
should also be unable to induce charge drift of the con- 
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jugative type. There is, however, some indication that 
reactivity may be related to the length of the con- 
jugated system in aromatic molecules (30), since re- 
activity increases in the order: 


PhH ~ PyH < PhCl < PhNO: < naphthalene, 
phenanthrene, etc. 


Theoretical treatments of the reactivity of aromatic 
systems toward free radicals have yielded results which 
agree qualitatively with experiment. The predicted 
efforts are in the right direction and of the correct 
order of magnitude, though usually somewhat high. 
The agreement must be regarded as encouraging. 
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e GEOLOGY AS A PART OF THE COLLEGE 
GENERAL CHEMISTRY COURSE 


Ir was been the experience of many a science student 
that the more he delves into his own special field, the 
more he senses its ramifications in other areas of science. 
In an article on the California Institute of Technology, 
in Time,! we note: 


...the old compartments of knowledge no longer have their 
old rigid meanings. At Caltech it is possible to find a top geol- 
ogist, e. g.. Harrison Brown, who has never taken a formal course 
in geology. It is not only possible, but standard operating pro- 
cedure for the scholars of Caltech to invade each other’s fields as 
if no walls had ever existed between them at all. ‘Nature,’ 
says Physicist Bacher, “is not physics or chemistry or biology. 
It is all three—and much more besides.’”’ As one alumnus put 
it to Scholar Hallett Smith: ‘‘When I was an undergraduate, I 
majored in biology. But, of course, Caltech’s biology is really 
biochemistry. Now everybody knows that chemistry is only a 
branch of physics, but it took me until my senior year to realize 
that physics is a branch of philosophy.” 

Apparently the traditional subject delineations are 
arbitrary; to call this phase of our observation of 
natural laws “physics” and that phase “chemistry” is no 
more divinely ordained than to designate this segment 
of time as “‘nine o’clock”’ and that as ““Tuesday.” 

Chemistry is often classified as a ‘‘natural science,” 
yet the student’s sole experiences may be with neatly 
bottled c. p. substances which are far removed from 
their natural origin, or even synthesized by man. 
The story is told of a college senior, “who, when asked 
to name the sources of potassium compounds, replied, 
‘There are three sources—Merck, Baker, and Mallinck- 
rodt.’ 

Since the scope of chemistry as a science is what man 
chooses to define, it seems that more study of the “‘nat- 
ural” forms of matter and the changes which it under- 
goes in natureisin order. This, then, is a plea for more 
“geochemistry” in a general chemistry course—for a 
closer integration of geological science and chemistry. 

Chemistry textbooks of necessity carry some slight 
reference to geological terms and concepts. The 
natural occurrence of elements, minerals, ores, and salts 
is usually given, with occasional illustrations of mineral 
crystals, ore deposits, limestone caves, etc. Perhaps 
the area in which the chemistry texts lean most heavily 
on geology is that of physical and chemical properties in 
relation to molecular structure. The section on sili- 
cates in a recent textbook? illustrates the possibilities in 

1 Time, LXV, No. 20, 79 (May 16, 1955). 

2 FLeIscHER, “The abundance and distribution of 
the chemical elements in the earth’s crust,” J. Cem. Bpvc., 31, 


446 (1954). 
MarKHaM, Epwin C., SHERMAN E. “General 
Chemistry,” Houghton Mifflin Co., Boston, 1955. 
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this area. Ring-structure silicates (beryl, emerald) 
are pictured and explained. Silicate chains are illus- 
trated by pyroxenes and amphibole (tremolite or chryso- 
stile—“‘asbestos”’), with the explanation that it is hard 
to cut across the chains, but the materials are readily 
shredded into fibers by cleavage of their crystals along 
the axis in which the chains lie. Layer structures are 
also discussed. Then: 


In tale, Mg;Sis010(OH)2, the silicate layers are alternated with 
layers of magnesium and hydroxide ions. Each pair of layers is 
electrically neutral and is loosely bound to the layers above and 
below it. As a result, the layers readily slide past each other 
when a crystal of talc is subjected to slight pressure. The prop- 
erties of softness and smoothness for which tale is valued are 
direct consequences of its crystal structure. 


Further discussions of mica, feldspar, and quartz are 
encountered. It is apparent here that actual examina- 
tion of specimens such as beryl, quartz, talc, mica, and 
feldspar is desirable if the words of the text are to be 
visualized by the student. 

And why not have rock and mineral specimens as a 
part of chemistry teaching equipment? - Admittedly, 
we would prefer that the student, somewhere in his 
general science background, should have learned 
enough about rocks and minerals to recognize mica and 
quartz; but even if he does not have a good background 
in earth science, here is a fine opportunity to make 
chemistry more concrete and meaningful. 

Beyond mere use of rock and mineral specimens as 
‘visual aids” in chemistry, and occasional reference to 
occurrence in nature of elements and compounds, what 
are some areas in which geology might be given more of 
a place in general chemistry than it is at present? 

(1) Physical and chemical properties of matter in 
relation to molecular structure are most apparent in 
natural mineral specimens. Dr. Linus Pauling, in 
speaking before the Sixth Conference on the Teaching 
of Chemistry at Fisk University, June 15, 1955, said: 
“Take adventage [in your teaching] of the knowledge 
of the structure of giant molecules”; and then he illus- 
trated the close relationship between structure and 
properties in the silicates—the long chains of asbestos, 
the mica planes, and a different structure again in talc. 
“The way in which atoms are held together by bonds 
expresses itself clearly in properties.” How a text- 
book may develop this idea has already been indicated. 

(2) The concept of chemical change as a natural 
phenomenon rather than as merely a test tube reaction 
may be strengthened by reference to geology. Chemi- 


4 Ibid., p. 493. 
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cal changes are often very dramatic in the outdoors; 
the action of the atmospheric oxygen, carbon dioxide, 
and moisture on the rocks (“chemical weathering’’) to 
change their color, composition, and eventually to 
crumble them to clays and soils is a fascinating area to 
explore. Whence the stalactites and stalagmites in 
caves? Why do some rocks disintegrate faster than 
others? Why do freshly broken rock surfaces change 
color after a while? Considerable chemistry is required 
in finding the answers to questions like these, which 
involve dynamic processes in nature’s laboratories, 

(3) Relative occurrence of elements and compounds, 
it seems, may be learned from reference to geology. 
The chemistry student gazing at a periodic chart day 
after day has little means of knowing against which 
of the elements he is most likely to stub his toe. A 
geologist tells us®: 


Every chemist should have some familiarity with the subject 
[abundance and distribution of elements in the earth’s crust], 
but the general experience of those whose work deals with raw 
materials has been that many chemists-are not acquainted with 
the sources of the elements and compounds that they use. 


Might it not be well for a chemistry student to look to 
the earth as well as to the periodic chart? We are told 
that silicates are the most frequently encountered com- 
pounds; silicates of all but a few of the metals exist in 
nature, and SiO, may constitute about 60 per cent of the 
earth’s crust. Next in abundance are the carbonates.® 
Yet how often does proportionate time for class study of 
silicates or carbonates give any idea of their natural im- 
portance? 

We have yet much to learn from the earth’s crust. 
We are told’ thav: 


Most of the earth’s crust is composed of elements of low atomic 
number. Those of even atomic number are far more abundant 
than those of odd atomic number.... The entire pattern of the 
abundance of the elements reflects laws, not yet fully understood, 
that govern the way in which neutrons, mesons, protons, and 
electrons are and can be assembled to form the elements. 


(4) Economic aspects of matter seem important to 
consider. At an Earth Science Institute at Harvard, 
Kirtley Mather deplored the widespread lack of knowl- 
edge and appreciation of the earth’s natural resources. 
It was agreed that “knowledge of the basic materials 
and environmental conditions that support our national 
prosperity and industrial economy, particularly the role 
of soil, water, and minerals, should be a part of every 
citizen’s education.”’® 
Assuredly, chemistry courses cannot bear the re- 
sponsibility for this part of “education for citizenship.” 
Yet there are unique opportunities in chemistry; for 
example, in the study of metals there may be developed 
some understanding of why the deposits are where they 


5 FLEISCHER, loc. cit. 

6 Smrru, Orstno C., “Identification and Qualitative Chemical 
Analysis of Minerals,’”’ D. Van Nostrand Co., Inc., New York, 
1953, p. 102. 

7 FLEISCHER, loc. cit., p. 448. 

8 NICHOLS, HERBERT i. “Earth science institute,” Science, 
113, 757 (1951). 
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are, their relative abundance and importance, and the 
citizen’s responsibility in wise “resource use.” The 
greater emphasis on organic chemistry in beginning 
general chemistry is of necessity closely related to our 
deposits of coal and petroleum. Even the current pop- 
ularity of uranium prospecting indicates there is some 
connection between chemistry and economic geology! 

(5) Industrial applications indicate the dependence 
of chemical industry on geological factors. In the 
writer’s home limestone region, it is the practice of our 
general-chemistry classes to visit a lime works: first 
the quarries where a geologist explains the formation of 
the calcium carbonate, the dolomitic, silica, and iron 
impurities; then the plant itself where an engineer ex- 
plains the changes carried on in the kilns; finally the 
analytical laboratory where the chemist explains the 
routine testing, necessary because of variations in the 
limestone. Surely this going “back to the earth” is 
more meaningful than merely heating c. p. calcium car- 
bonate in a crucible and writing in a manual: 


CaCO; — CaO + COzT 


One wonders if Charles Martin Hall would have been in- 
spired to find a means of electrolysis for aluminum ore if 
his professor at Oberlin had not “digressed”’ to discuss 
the abundant geologic distribution of aluminum, ‘as 
well as the metallurgical problems related to its re- 
covery. 

(6) Analytical experience (qualitative or quantita- 
tive) in general chemistry could well include more geo- 
logical materials and methods. Dr. Pauling,® in his 
denunciation of the uselessness of “traditional” qualita- 
tive analysis, suggested analysis by use of the geologist’s 
hardness scale (Moh’s scale) as one of the means of 
identification, and the giving of a solid substance (min- 
eral crystal) as an unknown. ‘“What’s in this rock I 
found?” seems to be a better psychological approach 
than “‘What’s in this solution the lab instructor con- 
cocted?” (True, it is more difficult, and requires a 
better chemist to find the answer!) 

(7) Understanding of fundamental principles of life 
requires a ‘“‘broad-fields” approach, not only in chem- 
istry, but in geology and many other sciences. We agree 
fairly well now that chemistry should begin with atomic 
structure, radioactivity, and the like. Just what does a 
“half-life of 2.7 X 10° y.”” mean to a chemistry student 
with no concept of geologic time? ‘The concept of time 
is of prime importance in understanding geology,’’! but 
it seems fundamental also in any other science—and in 
life itself. Where did matter originate? Is the ab- 
solute predictability of chemical change purely acci- 
dental? What significance do order and plan in the 
universe have in daily life? Perhaps these are cultural 
values, and the sciences alone will not supply all the in- 
terpretations. Should they be omitted from the gen- 
eral-chemistry courses? Should we teach only facts, 


® Pautina, L., Address presented before the Sixth Conference 
on the Teaching of Chemistry, Fisk University, June 15, 1955. 

10 Hotmes, Cuauncey D., “Geology in the liberal arts college,” 
Sci. Monthly, 73, 194-7 (1951). 
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or shall we give the students a framework for organizing 
those facts into a meaningful whole? More geology in 
chemistry courses may help; it is at least a beginning. 

Need we fear that chemistry will “suffer” as it is 
broadened, particularly for the nonscience major? 
There is a: 

...common assumption that any emphasis on cultural value 
in an introductory science course tends to nullify its pre-profes- 
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sional effectiveness because, according to the assumption, such 
a course is necessarily ‘‘sugar-coated”’ or ‘“‘watered-down.” Any 
course can be ‘‘watered down” but no college course worthy of 
credit need be. The task of bringing into focus the human sig- 
nificance of scientific knowledge requires intellectual effort and 
teaching skill of the highest order." 


“Down to earth” for some good chemistry teaching! 


1 Tbid. 


® THE QUALITATIVE SEPARATION AND 
DETECTION OF ZINC 


Many instructors of inorganic qualitative analysis 
have been confronted by a student who in some manner 
has completely “lost” the zinc ion from a known solu- 
tion containing all of the ions commonly found in the 
Group III (iron, zine group) cations of the qualitative 
inorganic scheme of analysis. Sometimes the known 
solution of the Group III cations has been prepared by 
the instructor; at other times it has been made up by 
the student himself from stock solutions kept for that 
purpose. 

When questioned as to his procedure of analysis, the 
student always maintains that he has followed exactly 
the procedure outlined in the text for the course. The 
fact that many students have great difficulty with the 
detection of zinc in qualitative analysis seems to indicate 
that there might be some stages in the qualitative in- 
organic scheme of analysis where the zinc ion could be 
adsorbed on or coprecipitated with precipitates of other 
ions in the group. The wide applicability of radioiso- 
topes as tracers has made it very simple to follow the 
zinc ion through the qualitative scheme of analysis and 
to determine quantitatively the amount of zinc co- 
precipitated with or adsorbed on precipitates of other 
members of the Group III cations. 

The scheme of analysis chosen for these experiments 
closely followed that described by Engelder? except that 
no attempt was made to separate either the nickel from 
the cobalt or the iron from the manganese. A brief 
outline of the scheme is as follows: About one gram of 


1 Present address: Department of Chemistry, Tke Citadel, 
Charleston, South Carolina. 

2 ENGELDER, C. J., “A Textbook of Elementary Qualitative 
Analysis,’’ 3rd ed., John Wiley & Sons, Inc., New York, 1947. 
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solid NH,Cl was added to the solution containing all of 
the cations commonly found in Group III of the qualita- 
tive scheme of analysis. The solution was then made 
slightly basic with dilute NH,OH and then strongly am- 
monical by addition of an excess of 2 ml]. of concentrated 
NH,OH. The solution was heated nearly to boiling 
and H.S was passed into the hot solution for a period of 
four minutes. The precipitate was centrifuged and 
washed. Ten ml. of 1:9 HCl was added and the pre- 
cipitate was allowed to stand for a period of three 
minutes. The precipitate was again centrifuged and 
the supernatant liquid, containing all of the ions of the 
group except nickel and cobalt, was evaporated to a 
small volume. While this evaporation was proceeding, 
the precipitate of NiS and CoS was washed, mounted 
in a one-in. planchet, and dried under infrared light. 
After the supernatant from the nickel and cobalt 
separation had been evaporated to a small volume, the 
solution was made strongly basic with NaOH, and one 
gram of solid Na,O. was added. The solution was 
boiled to expel the excess peroxide and then centrifuged. 
The supernatant from this separation contained 
aluminum, chromium, and zinc. The precipitate con- 
taining iron and manganese was washed, mounted in a 
planchet, and dried in the same manner as the nickel 
and cobalt precipitate. The supernatant was made 
acid with dilute HNO;, and solid NH,Cl again was 
added. The solution was then made strongly ammonical 
with NH,OH and centrifuged. The precipitate of 
Al(OH); was washed, dried, and mounted as above, and 
the supernatant was made faintly acid with acetic acid. 
Sodium acetate was added and the chromium pre- 
cipitated as BaCrQ,. The chromium precipitate was 
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Amounts of Radioactive Zn® Found in the Precipitates of Various Other Ions of Group III 


Zn* found in the precipitates of 


Concentration of all Total Zn Combined wash 
Group IIT ions recovered, % Co and Ni,% FeandMn, % Al, % Cr, % Zn, % solutions, % 
0.001 M 94.5 1.6 8.5 3.9 2.9 77 0.6 
0.002 M 96.9 1.0 8.6 3.3 2.8 79.9 1.3 
0.004 M 95.9 +1 8.2 3.5 2.7 79.1 1.3 
0.01 M 96.4 1.2 Pe 8.0 2.8 75.7 1.0 


centrifuged, washed, dried as above, and mounted in a 
planchet. The supernatant was heated to boiling and 
HS was passed in for a period of four minutes to pre- 
cipitate ZnS. The precipitate was centrifuged, washed, 
dried, and mounted as described above. 


EXPERIMENTAL 


Solutions containing all of the ions commonly found 
in Group ITI of the qualitative scheme of analysis were 
prepared. The concentration of each ion in the first 
solution was 0.001 M; in the second, 0.002 M; in the 
third, 0.004 M; and in the fourth, 0.01 M. Twenty- 
five lambda (0.025 ml.) of radioactive Zn® was added 
to an aliquot of 50 ml. of solution prior to precipi- 
tation with HS. The radioactive Zn® was chosen 
because its half-life of 250 days* eliminated the neces- 
sity for corrections to the activity due to decay during 
the time of the separations of the ions in the group. 

For each of the concentrations as listed in the table, 
four separate runs were made. The combined pre- 
cipitate of nickel and cobalt sulfides was measured as a 
single sample, as was the combined precipitate of iron 
and manganese. The aluminum, chromium, and zinc 
precipitates were each measured separately. The 
combined wash solution from the entire procedure was 
evaporated to dryness, mounted in a planchet, and 
measured for Zn® activity. 

The activity of each of the precipitates and the wash 
solution was measured by means of an integral gamma 
scintillation counter similar to the one described by 
Fairstein.4 The activity found in the precipitates was 
compared with the activity of a standard sample pre- 
pared by mounting 25 lambda of the radioactive Zn® 
in a planchet and drying under infrared light. The 
ratio of the amount of activity found in a precipitate 
compared to the activity of the standard sample gave 
the percentage of zinc in that precipitate. The results 
of these experiments are shown in the table. 


RESULTS 


As shown in the table, the amount of zinc recovered as 
ZnS was always greater than 75 per cent. The total 
amount of zinc recovered in the entire scheme of analysis 


Livineoop, J. J., G. T. Seasore, Phys. Rev., 55, 457 
(1939). 
4 Farrstetn, E., Rev. Sci. Instr., 22, 76 (1951). 


ranged from 94.5 to 96.9 per cent. The greatest con- 
sistent loss of zinc occurred in the combined iron and 
manganese precipitates. This fact is not unexpected 
since both Fe(OH); and MnO, are often used in radio- 
chemical separations as “‘scavengers”’ for small amounts 
of unwanted contaminants. 

It was rather surprising to find that changes in the 
concentration of the ions of Group III did not seem to 
affect the amounts of zinc found in the various pre- 
cipitates of the other members of the Group III cations; 
but with the exception of the aluminum precipitate in 
the runs where the concentration of all the ions was 
0.01 M. This is probably due to the increase in the 
amount of adsorption or occlusion of the zinc by the ge- 
latinous Al(OH);. 

It was found that the time the group precipitate was 
in contact with the 1:9 HCl for the separation of the 
nickel and cobalt sulfides from the other members of the 
group had a great effect on the amount of zinc found in 
the combined cobalt and nickel precipitate. If the 
group precipitate was left in contact with the 1:9 HCl 
for two or three minutes, as given by Engelder? in his 
procedure, the zinc sulfide was almost completely dis- 
solved. However, if the 1:9 HCl was in contact with 
the group precipitate for less than one minute, large 
amounts of Zn® activity were found in the combined 
cobalt and nickel precipitates. 

The fact that 100 per cent of the zinc was not ac- 
counted for in this procedure can very probably be ex- 
plained by the tendency of ZnS to cling to the glass 
vessels used in the final precipitation of zinc with hydro- 
gen sulfide, and to the loss occasioned by the transfer 
of the various solutions and precipitates to a large num- 
ber of beakers and centrifuge tubes throughout the 
procedure. 


CONCLUSIONS 


The results of these experiments indicate that when 
the procedure as outlined in Engelder? is followed cor- 
rectly, not less than 75 per cent of the zine will be found 
as ZnS in the scheme of analysis. The recovery of such 
an amount of zinc is certainly more than sufficient for 
any qualitative scheme of analysis. It would not seem 
worth the time and effort required to redissolve and re- 
precipitate the combined iron and manganese in order 
to recover additional small amounts of zinc. 
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Iumunoxocy as a branch of biology and medicine is 
based on the observation that human and animal organ- 
isms which survive a bacterial infection become im- 
mune to a later infection of the same type. It was soon 
discovered that the blood serum of the immune organ- 
ism is able to agglutinate the invading microorganisms, 
to dissolve them, or to cause their engulfment by the 
body cells, a process called phagocytosis. All these 
reactions were found to be quite specific; the immune 
serum acts only on those microorganisms whose pre- 
vious invasion had been overcome. Owing to the pre- 
dominant role of the blood serum in these reactions this 
branch of immunology is frequently designated as serol- 
ogy. The active factor of the blood serum which causes 
agglutination, bacteriolysis, or phagocytosis is called 
an antibody, and the microorganism which gives rise 
to the production of antibodies is called an antigen. 
Although the action of antibodies is beneficial when 
they cause immunity, they also may lead to phenomena 
which are detrimental to the organism. Thus, if a 
guinea pig that had been injected with horse serum and 
in whose body antibodies against horse serum circulate 
is reinjected with horse serum several weeks or months 
later, serious disturbances such as respiratory asthma 
or shock are observed and the animal may die. The 
phenomena occurring after reinjection of an antigen 
are called anaphylactic reactions. Since the antibody 
formation in such cases is an unfavorable reaction, 
the term “immunization” is replaced by “‘sensitiza- 
tion.”” It must be kept in mind, however, that both 
iramunization and sensitization are, essentially, identi- 
cal phenomena based on the formation of antibodies. 


ANTIGENS AND HAPTENS 


In the preceding section it has been shown that anti- 
body formation can be accomplished by two types of 
antigen: (a) particulate antigens such as microorgan- 
isms, and (b) soluble antigens such as those present in 
horse serum. Since the immunity phenomena in man 
were discovered first in persons who had overcome bac- 
terial infections, immunology in its beginning dealt 
mainly with bacterial or cellular antigens. Later it was 
discovered, however, that each of the microorganisms 
used as an antigen contains a multiplicity of soluble 
antigens. Some of these are proteins, others poly- 


1 The experimental work described in this paper was supported 
by research grants from the U. S. Public Health Service and the 
American Cancer Society, and by contracts of Indiana University 
with the U. 8S. Atomic Energy Commission and the U. 8. Office 
of Naval Reeszarch. 
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saccharides or complexes formed by proteins, carbohy- 
drates, and lipids. Hence, injection oi -..h a micro- 
organism may give rise to the formation of various 
types of antibody. Obviously, it is preferable to study 
the formation of antibodies under the simplest con- 
ditions—for instance, after injection of a single well- 
defined antigen. 

The first step in this direction was made by R. Kraus 
(1898) who discovered that antibody formation can be 
induced by the injection not only of bacteria, but also 
of bacterial extracts. Later it was found that most 
proteins act as antigens if they are administered to an 
animal of a foreign species parenterally, 7. e., by in- 
travenous, subcutaneous, intramuscular, or intraperito- 
neal injection. The antibodies produced in response to 
the injection of a foreign protein combine with this pro- 
tein forming, in many instances, an insoluble precipi- 
tate. Antibodies of this type are designated as pre- 
cipitins. Other antibodies form soluble antigen-anti- 
body complexes; they have been called reagins. If the 
antigen is a toxic substance like diphtheria toxin or the 
toxin of snake venom, the antibody is called an anti- 
toxin. 

Although most vertebrates form antibodies, the 
antibody level of the blood serum may be very low. 
The highest antibody levels are found in horses and 
rabbits. Therefore, these animals are preferentially 
used for the production of immune sera. The antigen 
must be injected parenterally; if antigens are given 
orally they are destroyed by the enzymes of the gas- 
trointestinal tract or are excreted without being ab- 
sorbed. 

The test used for the detection of precipitating anti- 
bodies is called the precipitin test. + Its result is shown 
in the figure, where each of the small precipitin tubes 
contains 0.1 ml. of the investigated immune serum and 
1.0 ml. of the antigen solution. The concentration of 
the antigen decreases in a geometrical series from high 
to low concentration. As shown by the figure, the 
largest amount of precipitate is formed at an inter- 
mediary concentration. Evidently the precipitate is 
soluble in an excess of antigen. It is insoluble, in gen- 
eral, in an excess of antibody or of the antibody-con- 
taining immune serum. The precipitin test can be 
used to determine the animal species from which a pro- 
tein originates. It also is used to detect the fraudulent 
addition of horse meat to meat preserves. The only 
reagent needed in such an examination is the serum of a 
rabbit which has been sensitized by injection of horse 
proteins. Such a serum gives precipitates when mixed 
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with an extract of horse meat, but does not precipi- 
tate proteins of any other animal species. 

For a long time it was believed that the protein mole- 
cule as an entity acts as an antigen and that the speci- 
ficity of the antibody is directed against the whole pro- 
tein molecule. However, in 1912 Obermayer and Pick 


Each of the small precipitin tubes contains 0.1 ml. of the immune serum 
and 1.0 ml. of the antigen solution. The per cent concentration of the anti- 
gen (from left to right) is: 0.3, 0.1, 0.03, 0.01, 0.003, and 0.001. 


demonstrated that the serological specificity of pro- 
teins is deeply altered by iodination. In this procedure 
iodine atoms substitute the 3 and 5 positions of the 
phenol ring in the tyrosine residues of the protein. If 
a rabbit is injected with iodinated horse-serum protein, 
it forms antibodies which precipitate not only the iodi- 
nated horse-serum protein, but also iodinated human- 
or chicken-serum proteins, iodinated ovalbumin from 
hen’s eggs, and other iodinated proteins; however, 
they do not precipitate the native horse-serum pro- 
teins. Evidently the antibodies combine with the 3,5- 
diiodophenol group only. These experimeits demon- 
strate clearly that the antibodies react with definite 
chemical groups in the antigen molecules and that the 
serological specificity is, essentially, chemical speci- 
ficity. Shortly thereafter, in 1914, this was proved 
beyond any doubt by the brilliant work of Karl Land- 
steiner who is considered the founder of immuno- 
chemistry (1). 

Landsteiner coupled proteins with diazotized aroma- 
tic amines or amino acids. In this reaction the tyro- 
sine and histidine residues of the proteins are sub- 
stituted by various azoaryl groups. The reaction pro- 
ceeds very smoothly under mild conditions (pH 8-10 
at 0°) so that the protein does not undergo denatura- 
tion. The azoproteins formed by this reaction are red 
or brown substances, soluble at pH 7, precipitable by 
acidification. If they are injected into rabbits, the 
animals produce antibodies which react quite specifi- 
cally with the aromatic residues. Thus, coupling of a 
protein with diazotized sulfanilic acid gives rise to the 
formation of antibodies combining with the p-azo- 
phenyl sulfonate group. The reaction is highly specific. 
Antibodies to p-azophenylsulfonate groups do not 
combine with proteins carrying o- or m-azophenylsul- 
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fonate groups, or with p-azophenylarsenate or p-azo- 
benzoate groups. Antibodies formed in response to 
azoproteins containing m-azophenylsulfonate groups 
combine with m-azophenylsulfonate, but not with o- or 
p-azophenylsulfonate groups. Landsteiner was able 
to prepare azoproteins containing d- and /- isomers or 
cis- and trans- isomers, and to show that antibodies can 
differentiate between d- and /- compounds and between 
cié- and trans- compounds. There is no doubt, there- 
fore, that the specificity of each antibody is directed 
toward a definite chemical group of the antigen molecule 
and not toward the antigen molecule as an entity. 
We call the serologically active groups of antigens 
determinant groups. 

Landsteiner, in his fundamental investigations, ob- 
served that most of the determinant groups of azo- 
proteins were acidic -groups. Later we found that 
strongly basic groups such as m-azophenyl-trimethyl- 
ammonium groups likewise were serologically deter- 
minant. We conclude, therefore, that polarity is one 
of the prerequisites for the specific determinant groups 
of the antigen (2). Another prerequisite is, apparently, 
a certain rigidity of the determinant groups. This may 
be the reason why the rigid structures of the aromatic 
amines are so strongly determinant. If diazotized, 
aminopheny] fatty acids are attached to proteins, the 
fatty-acid residues of different chain lengths cannot be 
differentiated from each other by serological methods. 
This is evidently due to the lack of rigidity in their 
paraffin chains. 

In order to induce the formation of antibodies, the 
determinant groups must be attached to a protein 
molecule. It presumably acts as a carrier, transporting 
the determinant group to the sites of antibody for- 
mation. Although small, protein-free molecules which 
contain determinant groups are not able to induce the 
formation of antibodies, antibodies formed after the 
injection of an antigen containing a determinant group 
will combine with the protein-free determinant group. 
Thus, antibodies produced by the injection of an 
azoprotein containing p-azophenylsulfonate groups, 
—N=N—C;H:—S0;H, combine readily with p-azo- 
phenylsulfonate derivatives of tyrosine, histidine, or 
phenol. In the immunochemical terminology, molecules 
which combine specifically with the antibody but are not 
able to induce antibody formation are called haptens. 
Most of the hapten complexes are water-soluble. The 
antibody moiety of these complexes has a high molec- 
ular weight; therefore, the formation of hapten- 
antibody complexes can be demonstrated by equilibrium 
dialysis. 

Since hapten, as well as antigen, combines with the 
homologous antibody, the formation of insoluble anti- 
gen-antibody precipitates can be prevented by large 
amounts of hapten. This method has been used to de- 
termine the affinity between the determinant group of 
the antigen and the combining group of the antibody, 

and to calculate the closeness of the “fit”? between the 
two combining groups (3). 
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THE NATURE OF ANTIBODIES 


Antibodies are found in the globulin fraction of the 
immune sera. They are salted out by half saturation 
with ammonium sulfate, and they migrate on elec- 
trophoresis with the serum globulins, chiefly with the 
y-globulin fraction. The amino acid composition, 
the N-terminal amino acids, the molecular weight, and 
other physical-chemical properties of the antibodies are 
identical with or very similar to those of the y-globulins 
of the blood serum (4, 5). Obviously, there must be 
some difference between antibodies and normal serum 
y-globulins since the antigen which induces the forma- 
tion of an antibody combines quite specifically with 
the homologous antibody, but not with other anti- 
bodies nor with normal serum globulin. 

The first theory on the nature and formation of 
antibodies was advanced in 1891 by Paul Ehrlich, the 
founder of immunology, whose centenary was cele- 
brated throughout the world in 1954. According to 
Ehrlich the normal organism contains small amounts 
of all possible types of antibody. After injection the 
antigen is trapped by the corresponding preformed anti- 
body, called by Ehrlich receptor. Receptors of this 
class are then regenerated and pass into the blood 
serum where they act as antibodies. The relation 
between antigen and antibody was considered by 
Ehrlich to be one of ‘‘complementariness in shape” 
between the invading bacterium and the cells which act 
as receptors. 

Ehrlich’s views were accepted over a long period of 
time. Although his idea of mutual complementariness, 
when applied to molecular dimensions, is still valid, 
the idea of preformed receptors had to be modified 
after Landsteiner’s discovery of the antigenicity of 
azoproteins. It was hard to believe that the organism 
should possess preformed antibodies against azopheny]- 
sulfonate or azophenylarsenate in o0-, m-, and p- 
position—in other words, antibodies against artificial 
products of the chemical laboratory. 

In 1930, Breinl and the author (6) investigated the 
precipitin reaction by quantitative methods and found 
that the composition of the precipitate varied within 
very narrow limits only. Using hemoglobin as a 
colored antigen, we found that the weight ratio of 
serum globulin to hemoglobin was approximately five 
at high hemoglobin concentrations, and about ten 
when an excess of the immune serum was used. The 
nonhemoglobin portion of the precipitates had all the 
properties of serum globulins. We concluded, there- 
fore, that the precipitated serum globulins were not 
contaminants of antibody molecules of unknown 
nature, but that the antibody molecules themselves 
were globulins. It was well known at that time that 
antibodies do not appear in the blood immediately 
after injection of the antigen, but that there is a lag 
period of a few days before the antibody titer of the 
blood serum rises noticeably. We therefore advanced 
the view that the injected antigen interferes with the 
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process of globulin synthesis so that globulin molecules 
complementarily adjusted to the shape of the deter- 
minant groups of the antigen are formed. These are 
the antibodies. Similar theories were advanced in- 
dependently by Mudd (7) and Alexander (8). 

To test this theory we investigated the distribution 
in the rabbit organism of an azoprotein containing 
p-azophenylarsenic acid groups. We found that most 
of the injected antigen was deposited in the liver, spleen, 
and bone marrow, 7. e., in those organs which are 
considered to be the sites of serum protein formation. 
In recent years we repeated these experiments with 
antigens labeled by traces of radioactive isotopes. 
Such antigens can be produced easily by iodinating 
proteins with I'*! or by coupling proteins with dia- 
zotized §*-sulfanilic or C!*-anthranilic acid (9). We 
found that heavily substituted iodo- or azoproteins, 
containing from 10 to 20 moles of the substituent. per 
10° g. protein, are eliminated from the blood serum 
from one to two hours after the intravenous injection 
and are deposited in the organs of the reticulo-endo- 
thelial system (liver, spleen, bone marrow, lung), 
where the protein-bound radioactivity persists for 
many months, possibly for years. Four weeks after 
the injection of an azoprotein containing p-azophenyl- 
sulfonate groups, we found most of the protein-bound 
S* of the liver in arylsulfonate groups; only three per 
cent of the protein-bound S* was present as cystine or 
methionine. It cannot yet be decided whether the 
arylsulfonate groups remain bound to their original 
protein carrier or whether they are transferred by 
transpeptidation to the tissue proteins. Since the 
serological specificity of such heavily substituted azo- 
proteins resides in their azophenylsulfonate groups, 
and not in the protein carrier, this problem is not of 
primary importance. 

The situation is different when I'*! or S* substituents 
are used in small amounts only as trace labels for more 
or less unchanged proteins. If labeled antigens of this 
type are injected, most of the antibodies formed are 
directed against the protein component and not against 
the radioactive label. Thus, injection of beef serum 
globulin, labeled by traces of diazotized S*-sulfanilic 
acid, gives rise to the formation of antibodies which 
precipitate native or trace-labeled pci globulin, 
but not the heavily substituted azo beef-serum globu- 
lin. The trace-labeled, beef-serum globulin circu- 
lates in the blood of rabbits for from four to six days 
without noticeable storage in organs. After the onset 
of antibody formation, antigen-antibody complexes are 
formed and deposited in the reticulo-endothelial organs 
(10). 

The high sensitivity of the radioactive methods allows 
us to investigate the distribution of antigens within 
the tissues and cells. In such investigations the organs 
of the injected animals are homogenized and the 
homogenate is fractionated by differential centrifuga- 
tion. At low speeds the nuclei are centrifuged off, at 
higher speed mitochondria and other cytoplasmic 
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granules, and at the highest speed submicroscopical 
particles called microsomes. They can be made 
visible by electron microscopy. The proteins of these 
three fractions and those of the supernatant cell fluid 
were precipitated by trichloroacetic acid and counted. 
In all our experiments we found that the deposited 
radioactivity was concentrated in the proteins of the 
cytoplasmic granules (mitochondrial and microsomal 
fraction), whereas the radioactivity of the proteins in 
the nuclear and supernatant fractions was low. 

To preclude fallacies by the transfer of the antigen 
from one fraction to the other during homogenization 
procedure, we also analyzed histological sections of the 
organs by autoradiography. In this method thin 
sections of the tissue are coated by a photographic 
emulsion and kept protected from light over several 
weeks or months, depending on the half-life of the iso- 
tope used. The radioactive material in the tissue 
sensitizes the silver halide of the photographic layer 
which, after developing and processing, is converted to 
black silver granules. The tissue is stained before or 
after the photographic procedure and the position of 
the silver granules is observed by microscopy. By 
means of this method the results of the homogeniza- 
tion procedure were confirmed. The concentration of 
the antigen was found to be higher in the cytoplasm 
than in the nuclei. Autoradiography also allowed us 
to localize the antigen in small organs such as the 
lymph nodes. Most of the radioactivity was localized 
in the macrophages; these are large phagocytic cells 
which engulf not only antigen molecules but also larger 
antigen particles such as bacteria. 

In all these experiments the antigen molecules 
were proteins labeled by an external label like iodine or 
azophenylacyl groups, externally attached to the 
protein carrier. Obviously, these experiments do not 
reveal anything about the metabolic fate of the protein 
portion of the antigen. Recently we have begun 
‘to work with radioactive proteins prepared by in- 
jecting radioactive S*-amino acids into guinea pigs, 
chickens, or other animals. If these internally labeled 
proteins are labeled externally by iodine or by C'*-azo 
compounds, doubly labeled antigens are obtained. 
When such doubly labeled antigens were injected into 
rabbits or rats, it was found that the internal label 
persisted in the liver and lymph nodes for long periods 
of time, indeed, much longer than the external label 
(11). We consider this to be a strong argument in 
favor of our theory on the formation of antibodies. 
If antibodies, as postulated by this theory, are formed 
as negative prints of the antigen molecule, then the 
presence of the antigen is necessary for antibody for- 
mation, and antibody formation cannot continue after 
the elimination of all of the antigen from the organism. 

Many immunologists are reluctant to accept this 
conclusion because immunity to some of the bacterial 
or viral infections lasts many decades, in some cases 
the whole life. It is difficult to imagine that the 
antigenic proteins or polysaccharides of invading bacilli 
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should persist in the organism for such long periods of 
time. One would reasonably expect that the proteins 
or polysaccharides are digested by intracellular en- 
zymes within a few days or weeks. On the basis of 
these arguments, Burnet and Fenner (12) proposed a 
theory of antibody formation according to which the 
antigen causes the formation of specific enzymes which 
in turn produce antibodies and continue to produce 
antibodies after the elimination of the antigen. 

Although this theory is very attractive to immun- 
ologists and pathologists, who do not deal with antigen 
molecules but with bacteria and viruses, it does not 
answer the question of the mechanism of antibody 
formation but shifts the problem to that of the forma- 
tion of hypothetical enzymes of high specificity. 
Burnet compares these enzymes with the so-called 
“adaptive enzymes” which can be produced by raising 
yeast or other microorganisms on culture media con- 
taining an unusual nutrient. It is well known, how- 
ever, that adaptive enzymes are formed only as long as 
the uncommon nutrient is present. After its removal, 
the formation of the adaptive enzymes is discontinued. 
Another objection raised against Burnet’s theory is 
based on the formation of antibodies against antigens 
containing artificial determinant groups. It is diffi- 
cult to believe that the organism should be able to 
form enzymes adapted to artificial chemical sub- 
stances such as azophenylarsenate derivatives. 

Burnet’s theory is based mainly on the belief that 
antigens cannot persist in the organism without 
being degraded and metabolized. However, in the 
preceding paragraphs it has been demonstrated that 
protein antigens persist in the organism for an aston- 
ishingly long time. The sensitive methods of radio- 
chemistry fail when the average antigen concen- 
tration of a tissue drops to less than a few hundred 
antigen molecules per cell, an amount which is still 
present one year after the injection of azoproteins to a 
rabbit. It must not be forgotten, however, that only 
a few of the cells are antibody producers and that an 
average antigen content of 100 antigen molecules per 
cell may be equivalent to 1000 or 10,000 antigen mole- 
cules per antibody-forming cell. 

While many of the bacterial antigens and toxins are 
proteins, the antigens of the capsule of pneumococci 
and other bacteria are polysaccharides built of various 
hexoses, hexuronic acids, and aminohexoses. Felton 
(13) recently has shown that these polysaccharides, 
which are highly antigenic for mice, persist in the 
mouse organism for many months after injection 
without being degraded. It is difficult to explain this 
long persistence of protein and polysaccharide antigens. 
Most probably they are first engulfed by cells of the 
reticulo-endothetial system, and then protected against 
the action of intracellular enzymes by combination 
with other intracellular components such as lipids, 
nucleic acids, or mucopolysaccharides. Indeed, they 
seem to persist in the cells just as do particles of India 
ink or the pigments which are used for tatooing, and 
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remain in the tissues over many years. In view of our 
findings we believe that formation of antibodies over 
many years is due simply to the persistence of antigens. 

What is then the mechanism of antibody formation? 
How is the complementariness of their molecules 
accomplished? We cannot expect a satisfactory an- 
swer to these questions as long as we do not know more 
about the mechanism of the biosynthesis of proteins. 
The antibody molecule, like that of other globulins, 
consists of a long peptide chain which by folding as- 
sumes globular shape. It is reasonable to assume that 
the biosynthesis of such a molecule takes place in two 
steps: (a) formation of the long peptide chain, and 
(6) folding of this chain (14). As mentioned before, 
the amino acid composition of the antibodies is hardly 
different from that of the normal y-globulins of the 
blood serum. Porter (1/5) and E. L. Smith (5) have 
found that the sequence of the five N-terminal amino 
acids of rabbit antibodies is the same as that of normal 
rabbit-serum y-globulin. Although this does not 
entitle us to extrapolate to a long peptide chain 
formed by more than 1000 amino acids, it is quite 
possible that the peptide chains of the antibody mole- 
cules are identical with those of normal y-globulins 
and that antibody molecules differ from the normal 
y-globulins only by the mode of folding of the peptide 
chain (16), ¢. e., by their ‘‘constellation’” (W. Kuhn) 
or “conformation” (Eyring). 

We assume that the determinant group of the 
antigen acts as a template for the specific combining 
group of the antibody molecule. Complementariness, 
according to this picture, is accomplished by the fold- 
ing of the peptide chains in such a manner that the 
combining group of the antibody forms a negative 
print of the determinant hapten group of the antigen. 
Antigens, according to this view, would not interfere 
with the first phase of protein synthesis, the formation 
of the peptide chains, but with the second phase, the 
folding of the peptide chains. Since we find most of 
the antigen in the cytoplasmic granules of spleen, lymph 
nodes, and liver, it may be that antibody formation 
takes place in the cytoplasm and not in the nucleus. 
This assumption is supported by the fact that acquired 
immunity is not a hereditary characteristic and is 
never transmitted from parents to the next generation. 


COMBINATION OF ANTIGEN WITH ANTIBODY 


Although we know a number of different immuno- 
logical phenomena such as precipitation, agglutina- 
tion, phagocytosis, and hemolysis, they all share one 
common phase; namely, the combination of antigen 
with antibody molecules. This combination is brought 
about by the mutual] complementariness of the com- 
bining groups of antigen and antibody. The adjust- 
ment in shape allows the molecules to come so close 
to each other that short-range forces become very 
powerful and attraction by van der Waals forces, 
dipole induction, and London forces results. In- 
hibition experiments with haptens indicate that the 
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fit between antigen and antibody is very close and that 
deviations of from one to two A. have a significant 
influence on the mutual affinity of antigen and anti- 
body (3). 

The precipitin test can be carried out as a quantitative 
test by measuring the amount of precipitate and 
analyzing it for its content of antigen and antibody. 
Heidelberger and his co-workers (1/7) determine the 
nitrogen content of the precipitate by Kjeldahl an- 
alysis, whereas gravimetric analysis is used in the 
author’s laboratory (18). Very small amounts of pre- 
cipitate can be dissolved in alkali; the protein content 
of the solution can then be measured by determining 
the optical density of the solution in ultraviolet light. 
If the antigen is a colored protein like hemoglobin or 
hemocyanin, it can be determined in the precipitate 
by colorimetric analysis; the antibody content of the 
precipitate is then calculated by subtracting the weight 
of the antigen from the total weight of the precipitate. 
However if the antigen is a colorless protein it is very 
difficult to determine it in the presence of antibody pro- 
tein. This difficulty can be overcome by labeling anti- 
gen or antibody by traces of radioactive isotopes and 
measuring the intensity of the radiation. 

The molar ratio of antibody to antigen in the pre- 
cipitate always has been found to be larger than 1.0. 
Hence, it is assumed that the antigen molecule is “‘multi- 
valent,’’ 7. e., that it has more than one combining de- 
terminant group. It is easy to prepare azoproteins 
with from 10 to 50 determinant azophenylacyl groups 
per molecule. The antibody to antigen ratio in such 
precipitates is very high, varying from five to about 
30 antibody molecules per antigen molecule. Antigens 
with one or two determinant groups per molecule do 
not seem to form insoluble precipitates. 

It is not yet clear whether the antibody molecules 
have one or more combining groups. Some of the 
antibody molecules do not precipitate the homologous 
antigen, but form soluble antigen-antibody complexes. 
They are considered by some immunochemists to be 
poorly adapted antibodies, by others to be “univalent”’ 
antibodies, 7. e., antibodies containing only one com- 
bining group. In view of these results it is not yet 
clear whether the insoluble antigen-antibody complex, 
which forms the precipitate, consists of an alternate 
antigen-antibody lattice or rather of numerous ag- 
gregates, each consisting of a multivalent antigen 
molecule as nucleus to which numerous antibody 
molecules are bound. 

The affinity between antigen and antibody can be 
measured by dissociating antigen-antibody complexes 
and measuring the dissociation constants at different 
temperatures. Experiments of this type show that 
the free-energy change, AF, for the combination of 
loosely bound antibodies in the precipitate is approx- 
imately -7 to -10 kg.-cal. per mole of antibody, but 
thai it is much higher for the firmly bound antibodies 
which cannot be split off from the precipitate. The 
heat of combination is very low, varying from one to 
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four kg.-cal./mole; the entropy of combination is 
positive, probably owing to the release of water mole- 
cules from the combining groups (19). 

Most antigens have not only a large number of 
determinant groups, but also a variety of such groups. 
This also is valid for proteins substituted by a small 
number of artificial determinant groups. Thus, par- 
tially iodinated proteins in addition to their iodinated 
groups also contain the species specific groups of their 
protein carrier. Accordingly, injection of iodinated 
beef-serum globulin to a rabbit gives rise to the forma- 
tion of at least three types of antibody: (a) antibodies 
combining with the iodinated residues (anti-J), (b) 
antibodies combining with the species-specific groups of 
beef-serum globulin (anti-BG), and (c) antibodies 
combining with a complex formed by both types of 
determinant group (anti-I[BG). The three types of 
antibody can be separated from each other and deter- 
mined quantitatively by means of suitable test anti- 
gens. Thus, anti-I is precipitated by iodinated oval- 
bumin, and anti-BG by native beef-serum globulin; 
all three antibodies are precipitated by iodinated 
beef-serum globulin. The table shows the result of 


Fractional Precipitation of Antibodies Formed in Response 
to the Injection of Iodinated Beef-serum Globulin to a 


Rabbit? 
Experi- 
ment 

number Added t A Ag. Ab. 
1 I-BG 9.62 0.96 8.66 
I-BG 1.73 0.23 1.50 

BG 0 0 
Total 10.16 
2 I-Ov 4.52 0.92 3.60 
J-Ov trace t trace 
I-BG 5.78 0.66 5.12 
I-BG 1.75 0.40 1.35 
I-GB trace _ trace trace 
Total 10.07 
3 I-Ov 4.37 0.41 3.96 
T-Ov trace trace trace 
BG 0.64 0.16 0.48 
BG trace trace trace 
I-BG 4.68 0.86 3.82 
I-BG 1.36 0.30 1.06 
I-BG trace trace trace 
Total 9.32 
4 BG 1.37 0.29 0.88 
I-Ov 4.53 0.65 3.88 
I-Ov trace trace trace 
I-BG 4.31 0.75 3.56 
I-BG 1.81 0.38 1.43 

I-BG 0 , 0 
Total 9.75 


° Three ml. of the immune serum was precipitated by the serial 
addition oi various test antigens, each of them added in doses of 
1.2 mg. The precipitate formed after each addition was centri- 
fuged off, washed, and analyzed for its antigen content. The 
figures in the table indicate mg. of precipitate (P.), antigen (Ag.), 
and calculated mg. of antibody (Ab.). The following abbrevia- 
tions for added test antigen are used: I-OV=iodinated oval- 
globulin; I-BG=iodinated beef-serum 
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the serial addition of various test antigens to three 
ml]. of an immune serum against iodinated beef-serum 
globulin. According to the table the total amount of 
antibody is 9.8+ 0.5 mg.; it does not depend on the 
sequence in which the test antigens are added. Quite 
generally, a variety of antibodies is formed in response 
to a single antigen. 

The precipitin test has been discussed so thoroughly 
because it is the simplest and the best investigated of 
all immunological reactions. Agglutination, lysis, and 
phagocytosis are much more complicated since cellular 
structures are involved in these phenomena. We 
speak of agglutination when cellular or bacterial 
antigens clump together after the addition of anti- 
bodies. Most of the normal cellular or bacterial 
surfaces are negatively charged by the presence of 
acidic groups of lipids, phosphoric acid residues, or 
acidic polysaccharides. These charges cause mutual 
repulsion and prevent agglutination of the cells. If 
the cellular surface is coated by antibody molecules, 
the intracellular repulsion is abolished and the cells 
agglutinate. 

By their combination with antibody the cells also 
become susceptible to phagocytosis and to lysis. For 
lytic reactions another factor present in the native 
blood serum is required; it has been called complement. 
It is destroyed by keeping the immune serum for 30 to 
50 minutes at 56°, whereas antibodies are not affected 
by this treatment. Complement is a protein complex 
consisting of at least four factors, designated by the 
symbols C’1, C’2, C’3, and C’4. None of these has 
been isolated in pure form. Guinea pig serum is 
particularly rich in complement and is frequently used 
in reactions involving hemolysis, for instance in the 
serodiagnosis of syphilis. 

Agglutination, phagocytosis, hemolysis, bacteri- 
olysis, and other serological reactions are brought about 
by a common principle, by the mutual complemen- 
tariness of antigen and antibody molecules, and by 
the resulting operation of intermolecular short-range 
forces. It may seem astonishing, at a first thought, 
that dramatic phenomena such as death by anaphy- 
lactic shock can be caused by the more or less loose 
combination of two or more macromolecules. It 
must be realized, however, that the same short-range 
forces, the same complementariness, are responsible 
for the highly specific relation between enzymes and 
substrates, and that metabolic reactions, 7. e., cleavage 
or formation of covalent bonds, are initiated by the 
formation of enzyme-substrate complexes. Structural 
specificity and intermolecular forces also play a de- 
cisive role in the action of hormones on their target 
organs. All this demonstrates the paramount im- 
portance of molecular shape and of intermolecular 
forces in biochemical reactions. 


SUMMARY 


(1) Antigens are substances which interfere with the 
formation of proteins in the living organism in such a 
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fashion that proteins complementarily adapted to the 
determinant portion of the antigen molecule are formed. 
These new types of protein are the antibodies. 

(2) Antibodies differ from normal serum globulins by 
the specific conformation of their peptide chains. 
Owing to their structural and spatial adaptation to the 
determinant portion of the antigen, the antibody 
molecules combine with antigen molecules and cause 
thereby precipitation, neutralization of toxins, ag- 
glutination, lysis, phagocytosis, or other immunological 
phenomena. 
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. THE OPERATION OF McLEOD GAGES AND TOPLER PUMPS 


FaiturE to control properly the mercury level in a 
McLeod, gage or Tépler pump can have rather un- 
pleasant consequences for the vacuum technician. A 
sudden surge of mercury can result in either breakage 
of the system or transfer of mercury to parts of the 
system where its presence is undesirable. The use of 
float-type check valves will prevent transfer of mercury 
to other parts of the system, but these valves are gen- 
erally subject to sticking and make the system even more 
susceptible to breakage as a result of mercury surges. 
In the case of the McLeod gage it is advantageous to 
mount the gage proper at a sufficient height above its 
mercury reservoir so that, with the reservoir open, at- 
mospheric pressure will maintain the mercury level 
slightly below the gage cutoff. In order to make a pres- 
sure measurement, the mercury level is raised by ap- 
plication of pressure to the mercury reservoir. The 
author has found that this pressure can be conveniently 
applied and controlled by means of a rubber bulb with 
needle-valve control! such as is used on a physician’s 
blood-pressure manometer. 

Frequently, because of space limitations or large 
masses of mercury involved, it is necessary to mount 
the gage or pump immediately above its mercury res- 
ervoir. In this case the safety factor of height is lost 
and it is necessary to provide a means of regulating the 


1 “Air-Flo”’ control and bulb, manufactured by W. A. Baum, 
Inc., New York, and available from medical supply houses. 
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mercury reservoir pressure rather precisely in order 
to prevent mercury surges. This can be accomplished 
by use of two needle valves as shown in the figure. 
With Valve 1 opened slightly, the mercury level can be 
regulated easily by adjustment of Valve 2. Valve 1 
functions essentially as a means of controlling the sen- 
sitivity of Valve 2, giving a flexibility not possible 
with the fixed-capillary, two-way stopcock combination 
usually used. The stopcock is closed when the system is 
not in use since normal leakage of the needle valves 
will allow the mercury to rise if the source of rough 
vacuum fails. 


MERCURY 
RESERVOIR 


A 
NEEDLE VALVES 
Control Manifold for Mercury Reservoir 
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@ A CLASSIFICATION AND FILING SYSTEM FOR 
SCIENTIFIC REPRINTS AND REFERENCES 


Tue care and classification of a collection of reprints 
present difficulties that are shared in common by all 
investigators. Disciplines that were considered to be 
clearly delimited are undergoing such changes that 
precedent, including standard systems of classification, 
e. g., that of the Library of Congress, cannot be relied 
upon to cope with some of the radically changing orien- 
tations. The novice who seeks advice from his more 
experienced colleagues usually finds one or the other of 
the following means of collection in operation: (1) 
Distantly related reprints are filed under arbitrary 
topical headings that are subject to the whims of the 
investigator; or (2) reprints are shoved “temporarily” 
into a large unlighted closet until the investigator, who 
has the best intentions, but no time, “can do something 
about them.” 

Confronted with the problem of achieving and main- 
taining order in a collection of reprints that are per- 
tinent to biochemistry, with emphasis on hormones and 
immunology, the authors have devised the system de- 
scribed in this report. The principles and method 
appear to be applicable to any body of scientific 
literature. 

Consideration of the material that was on hand and 
that which was likely to be added served as the ground- 
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work for a topical outline prepared on the basis of the 
primary dichotomy that Selye’ has used so successfully. 
Accordingly, the literature was divided into two types; 
A. STATIC, and B. DYNAMIC. The primary cate- 
gories were then subdivided into further breakdowns as 
shown in the example below. 


A. STATIC DATA B. DYNAMIC DATA 


0 Methods 1 Adsorption 
-1 analytical 2 Digestion 
.2 assays 3 Metabolism 


.1 Carbohydrates 
1 monosaccharides 
2 disaccharides 
3 phosphosaccharides 
4 polysaccharides 


.3 functional 
A statistical 
.5 technical 
1 Carbohydrates 
.1 monosaccharides 


.2 disaccharides .2 Proteins 
.3 phosphosaccharides 1 amino acids (gen.) 
.4 polysaccharides individual amino 
2 Proteins acids listed  al- 
.1 amino acids (gen.) phabetically by 
individual amino acids initial letter 
listed alphabetically 2 lipoproteins 
by initial letter 3 pie and poly- 
.2 lipoproteins peptides 


3 and polypeptides Ete. 


manatee for subtopics were obtained by reading 


1Se.iye, H., “Encyclopedia of Endocrinology,” A. W. T. 
Franks Publishing Company, Montreal, 1943. 
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#Arch. Biol. ‘174,97, 1946 
The 


Assay and Distribution of a New 
Water Soluble Co-factor for kag 
in Soybean Meal. Trypsin Seri 

Notes 
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Secondary. Card 


the tables of contents of textbooks in biochemistry. 
A conventional plan was chosen for the order of listing 
main headings, e. g., carbohydrates, proteins, etc. 
This type of listing seems to come readily to mind when 
a breakdown of main subject is attempted. In addi- 
tion, wherever possible, alphabetical order was also 
maintained. When such a subdivision as Metabolism 
was further subdivided, every effort was made to pre- 
serve the original numbering system (see example 
given above). These devices reduce the amount of 
memorization that is necessary for efficient use of the 
file. It is true that the alphabetical listing will be 
disrupted as new substances are discovered and de- 
scribed, but these irregularities will not be overwhelm- 
ing. 

Each reprint included in the file is represented by one 
primary classification card and may have one or 
several secondary cards. The primary classification 
is determined by asking: ‘‘ What material in this paper 
is of most importance to me?” For example, the paper 
entitled “‘The assay and distribution of a new water 
soluble co-factor for trypsin in soybean meal” by K. A. 
Logane and W. J. B. Rens, Arch. Biol. Chem., 174, 97 
(1946), might be processed as follows: Because it 
describes the distribution of coenzymes, it is classified 
first as A, static data, and then as 8, the designation for 
coenzymes; hence it is A8. 

The secondary classification might be done thus: 
Since a method of assay is also described which may be 
of use at some future date, a secondary card can be pre- 
pared for category A 0.2, the section that is devoted to 
methods of assay. The secondary card also bears the 


primary classification number which is an expression 
‘ 


+ 


of the location of the reprint in the file. Another 
secondary classification might be under trypsin, in- 
dicating that evidence for a cofactor exists. 

The organizational arrangement that is given in the 
figures for the primary and secondary cards has heen 
found to be both convenient and satisfactory. 

The primary classification number must appear on 
each of the secondary cards so that the reprint may be 
located in the file when only the secondary card is con- 
sulted. 

The upper left-hand corner of the reprint should bear 
the primary classification number and other designa- 
tions exactly as they appear on the right-hand side of 
the primary card. 

The dimensions of the card will vary with individual 
preference. The authors found it advantageous to 
use 4- X 6-in. cards, which are large enough to permit 
notation. These are filed according to the number on 
the right side in the order established by the original 
outline. 

The # symbol is used to indicate that a copy of the 
reprint is present in the collection. Such a key may 
save hours of searching for a reprint that is not present 
in the file. 

It was found expedient to save a desk drawer for 
reprints and cards that are withdrawn from the file, 
and to replace them all when there is a sizable accumu- 
lation. It is suggested, however, that the cards should 
not be removed unless absolutely necessary. 

The criteria and suggestions that have been described 
have been applied successfully to a collection of papers 
in biochemistry, and a complete copy of the classifica- 
tion outline is available upon request. 
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PREMEDICAL REQUIREMENTS AND MEDICAL 


COLLEGE BIOCHEMISTRY SCORES 


Ax students entering a given medical college have a 
group of premedical requirements in common. Cer- 
tain courses in chemistry, physics, biology, and mathe- 
matics, as well as the Medical College Admission Test 
(MCAT), make up an important part of these common 
requirements. Biochemistry is an important basic 
course that is taken in the first year of medical school. 
In this study correlation coefficients were determined 
between the medical college biochemistry scores of one 
class of 69 students at the University of Arkansas School 
of Medicine, and their undergraduate grade-point aver- 
ages (GPA) in (1) mathematics, (2) biology, (3) physics, 
(4) chemistry (all courses), (5) organic chemistry only, 
(6) all required science courses, and (7) all undergradu- 
atecourses. Table | gives these correlation coefficients. 


TABLE 1 


Correlation Coefficients of Medical College Biochemistry 
Scores with Each of the Following Undergraduate GPA’s 


Course r 
Mathematics 
Biology 
Physics . 299 
Chemistry (all courses) 333 
Organic chemistry only 243 
Required science courses . 293 
All undergraduate courses .393 


Correlation coefficients were also determined be- 
tween the medical college biochemistry scores and the 
scores on the individual parts of the Medical College 
Admission Test: (1) Modern Society, (2) Science, (3) 
Verbal Ability, and (4) Quantitative Ability. Table 2 
gives these values. 

Two multiple correlations between the medical college 
biochemistry scores and predictor variables were de- 


1 Present address: Catawba College, Salisbury, North Caro- 
lina. 
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termined. In one the predictors were the over-all un- 
dergraduate GPA and the score on the Science part of 
the MCAT; in the other, the predictors were the over- 
all undergraduate GPA and the score on the Quantita- 
tive Ability part of the MCAT. Table 3 gives these 
values. 

Although almost all of the 69 students had their pre- 
medical work in Arkansas, a number of different col- 
leges were represented. Since grades vary from one 
college to another, as well as from one teacher to an- 
other, this might help to account for the fact that the 
correlation coefficients with the undergraduate work 
were not higher. When the very close relationship 
between organic chemistry and biochemistry is con- 
sidered, it might be surprising that this correlation 
coefficient was so low (.243). The fact that the or- 
ganic chemistry was taken at several different col- 
leges, in addition to the fact that the grade repre- 
sents only one course of six or eight semester hours 
might help to explain this. It should be noted that the 
GPA of all of the undergraduate courses gave the high- 
est correlation coefficient (.393). 

The correlation coefficient with the score on the Mod- 
ern Society part of the MCAT is conspicuously lower 
than the others (.041), and indicates that, with this 
group, there was very little relationship between that 
score and the score on biochemistry. 

The multiple correlations shown in Table 3 are higher 
than the correlations in Tables 1 and 2, and indicate a 
stronger relationship than any of the individual cor- 
relations. 
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TABLE 2 
Correlation Coefficients of Medical College Biochemistry 
Scores With Scores on Each of the Following Parts of the TABLE 3 
MCAT Multiple Correlations 
MCAT part r r 
Modern society 041 Biochemistry score with overall GPA-Science score 
Science MCAT .481 
Verbal ability 334 Biochemistry score with overall GPA-Quantitative 
Quantitative ability .379 score MCAT 485 
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Somer, the land of the oldest known civilization of 
Mesopotamia, was located in the lower reaches of the 
Tigris and Euphrates rivers where they approached 
and flowed into the Persian Gulf. Ancient Sumer 
was a great industrial and commercial center; its 
most thriving industry was the bleaching, dyeing, and 
weaving of wool. Of the clay tablets unearthed at 
Nippur, one of Sumer’s largest cities, about one-sixth 
are concerned with records of wool and clothing (1). 
The arts of bleaching, spinning, fulling, dyeing, and 
weaving were fully developed by the Mesopotamians 
before the end of the fourth millenium B.c. 

Wool, cotton, and linen were familiar to the people of 
Mesopotamia. Fine linen specimens were found at 
Susa, a large city of Elam (2). Linen and cotton oc- 
cur from time to time in economic tablets. However, 
by far the favorite material for clothing was wool. 

Many tablets contain lists of wool and garments, 
including more than 100 technical terms relating to 
them (3). Unfortunately, the technical terms used to 
differentiate wool from woolen garments are still ob- 
scure. The various woolens were classified both ac- 
cording to the garments for which intended and accord- 
ing to the quality, which ranged through four grades. 
The wool is variously described as “wool rolled on 
wood” (4) ,“‘wool rolled into balls” (5), “combed wool,” 
“spun wool,” and ‘carded wool” (6). An ancient 
contract contains the penalty for its violation: “A 
man shall eat one mana of carded wool... .” Fleece 
of third quality is also described (7), as is “‘cloth in the 
roll” (Sumerian SUTUR, Akkadian Suturu) (8). 

The business stock of a merchant of Ur, as listed in a 
tablet, included various types and qualities of cloth 
wool, loose wool, black wool, dead wool, knife-torn 
wool, tar-soiled wool, hand-plucked wool, goat’s hair, 
and spools of gu thread (9). 

In a tablet of the second millenium B.c. found at 
Alalakh, detailing the annual sustenance rations, the 
sources of wool are indirectly referred to: “ten minas 
of plucked wool and ten minas of sheared wool.” The 
former is sheep’s wool and the latter goat’s (10). 

Weaving as a large operation was carried out in the 
weaver’s house (é-u8-bar) by men and women under 
the direction of a supervisor or master of weavers in a 
guild (11). On a smaller scale where the product was 
not intended for trading or export (12), women occu- 
pied their spare time at home with spinning and weav- 
ing. ‘ 

In spinning, the carded wool (napSu) was drawn out 
from the skein (kunSu) and then spun with a clay or 
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stone whorl to weight the spindle (pilakku) (13). This 
method was used not only with wool but with flax 
and cotton. 

Rope made of wool was common in Babylonia. 
This was used to tie bundles of reed used instead of 
posts or beams to build the arched frame of reed huts 
for cattle (14). This rope also was used in the manufac- 
ture of huburu jars (15). The caulker, boatswain, 
and rigging maker used wool in conjunction with other 
materials in boat making (16). 

The usual procedure of the Babylonian before weav- 
ing was to remove most dirt in a wash pit (1/7) using 
some form of soap, potash, or alum (/8). After 
weaving, the fuller trod it soundly in the fuller’s pit | 
to felt the woof threads (19), then he beat it with a 
club (maziru) (20) and roughened it finally with thistles. 
The hot Babylonian sun was more than sufficient to 
bleach the materials. 


VARIEGATED COLORS 


The Mesopotamians were very fond of bright- 
In a Cappadocian tablet, an economic 


colored clothes. 


Stone Dye Vats of the Eighth or Ninth Century B.C. 


document, there are mentioned: ‘63 bright-colored 
(garments) for the clothing of servant boys” (2/). 
The Egyptians pictured the people living to their east 
as being clothed in red and blue stripe and dot designs 
(22). Ina hymn to the gods, the“ robe of many colors” 
is mentioned (23). This coat of many colors was no 
doubt an early version of that later found in the Old 
Testament. In the Song of Deborah and Borak (24), 
it is described: 
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Do they not find and divide the spoil? For every brave man, 
a maiden or two, for Sisera, booty of dyed stuffs, spoil of vari- 
colored dyed stuffs, two pieces of dyed material varicolored for 
my neck as spoil. 


To achieve the variegated hues of their dress, the 
ancient Mesopotamians possessed not only substantive 
and vat dyes but also mordant dyes. 

In describing the colors of the ancients it must be 
remembered that a sharp distinction between colors 
was not always made, e. g., between yellow and green, 
red-purple and blue, and deep yellow and red (25, 26). 
The entire color nomenclature is unclear. Nor is it 
clear as to how the ancient Mesopotamians used the 
known dyes since no procedural texts on dyeing have as 
yet been discovered. The dyeing materials are there- 
fore not arranged in a more revealing order according 
to whether they are substantive, adjective, or mordant 
dyes. Wherever possible, however, evidence for their 
nature will be given. Some dyes and their colors are 
described here. No attempt has been made to list 
all of them, but only a few have been discussed to give 
a brief general picture bearing on the technological 
status of the ancient Mesopotamian dyeing industry. 


NATURAL COLORS 


White, black, brown, and gray, the natural wool 
colors, were probably the most common (27). Dyed 
thread and cloth were very expensive and were often 
found as important items of spoil as, for example, in 
the account of booty taken by Tiglath-Pileser III from 
Merodachbaladan on the Persian Gulf in the first 
millenium B.c. (28). The gray color was spun by 
“the smart women from white wool and black wool, 
spinning a double thread with the spindle, a brilliant 
thread, a large thread, a doubly dyed thread” (29). 

Where the wool was to be dyed, the process was al- 
most always carried out on the yarn or thread (30). 
In an Assyrian ritual text (31), black oxide of iron is 
put on a black thread, a red substance on a red ne, 
and iron (salt) on a blue thread. 

Cassia bark, well known to the.Sumerians, contains 
much tannic acid and when used with iron sulfate gives 
a black-green dye. Another black plant dye, from 
Xanthium strumarium L., mentioned in Assyrian texts 
and at present growing near Basra, produces a gall-like 
substance (32). In the same category is the sumach 


plant (8@"LID.GAS) which, with ferrous sulfate, 
produces a black color on cotton or wool. 


BLUE 


Wool dyed blue (33) was very popular in Mesopo- 
tamia, particularly for garments (34). Among the 
items listed as tribute of the city of Qalparunda are 
“silver, gold, tin, horses, cattle, sheep, blue wool, and 
linen garments”’ (34). 

The most famous and important of all blue coloring 
substances from time immemorial has been indigo. 


Thompson believes that Samialangu may indicate the 
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indigo plant. Three species of Indigofera are at present 
found in Syria and Palestine. 

The indigo may be prepared in contact with lime or 
perhaps soda or potash (36). In a dye plant found at 
Tell Beit Mirsim, Palestine, of the eighth century 
B.C., a jar of lime was found together with a jar which 
contained “light gray ashes,’”’ probably potash. In 
view of the fact that an analysis had not been made for 
indigo in the vats found in the same room, it would be 
premature to conclude that this was an indigo dyeing 
plant, although vat dyeing was well known at this time. 

Woad, Jsatis tinctoria L., is today found in Pales- 
tine (37). It was known: to the Sumerians as 


’amZ4.GIN.NA. Comparatively poor in colorig mat- 
ter, woad must have necessitated much repetition of 
operations to achieve a dark blue. 

“YELLOW 

Lighter colors seem to have been used infrequently 
in ancient Mesopotamia, judging by the relative scarcity 
of their citation in the texts. Saffron, a yellow dye, 
is obtained from the dried stigmas and tops of the styles 
of Crocus sativus L. In an Akkadian tablet, the clove 
of saffron is mentioned (supur a-zu-pi-ru) (38). In Su- 
merian 4 R.SAG.SAR is equivalent to ®@"azupiru 
from which we get the word saffron (39). Very dilute 
solutions of saffron must have been in use with the 
wet processing often repeated, since only one ounce 
of the dye is obtainable from 4300 flowers. In ancient 
times, saffron was probably more valuable in pharmacy 
where it was used extensively. 

Turmeric, another yellow dye, obtained from the 
tuberous root of Curcuma longa L., was also in use as a 
drug. The root is prepared by cleaning and drying 
in an oven. Both turmeric and saffron were used in 
antiquity as condiments. 


There is no doubt that red was an extremely popular 
color in ancient Mesopotamia (40). It was rivaled 
only by the very scarce and expensive purple. Various 
grades of red cloth must have been known, since texts 
refer to red cloth of the ‘‘second grade” and “third 
grade” (41, 42, 43). A very old text of the early 
second millenium B.c., dating from AMAR-Sin, 
second year, states: “sheep as payment for dyeing 
cloth red has Jgi-dar received from Lu-Asin”’ (44). 
Wool was often dyed the color of blood (44) as the fol- 
lowing quotation from approximately the beginning of 
the first millenium B.c. shows: ‘that man you shall 
dress in a Sahha-cloth, spread iron ochre on his temples, 
let its ‘blood’ flow.”” Red garments were used by the 
Assyrian priesthood and soldiery (46). The red gar- 
ment was used both as an instrument of terror and as 
an exorcistic material (47). 

Thompson describes three different shades of red 
found in Sumerian and Akkadian texts as blood red, 
rose color, and russet (48). It is probable that many 
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more shades of red were known to the Mesopotamians. 

The dyeing of wool prior to plucking or shearing is 
frequently done in the Near East today. It is believed 
that the ancients practiced this procedure to some 
extent. In a Nuzi tablet of approximately 1300 B.c., 
there is the reading: ‘‘sheep whose red-dyed wool 
has been plucked X-times” (49). In a list of sheep, 
another Akkadian text reads: “five lambs whose 
wool is for dyeing,”’ evidently before plucking (50). 

Although madder has been found as a dye on the 
cloth wound about Egyptian mummies, no evidence 
for its use in Mesopotamia has yet been uncovered. 
In fact, there is no known word in Akkadian or Sumer- 
ian for madder. 

The most important red dye, known to the ancient 
Babylonians was kermes (from the Arabic girmis). 
It has been surmised already that kermes was obtained 
from the oak on the basis of philological evidence. In 
a lexical text, ‘red worm” is equated with “red drug 
of the thicket” (51). Another substance, a “drug for 
dyeing” mentioned in a text with oak-manna, may well 
refer to kermes (52). 

A text from Nuzi of approximately 1300 B.c. seems 
to complete the evidence for the use of kermes and 
reads as follows (53): 

One woman of the palace for five talents of copper, Ili-ittiya, 
the merchant, took. And on the arrival of his caravan, for the 
five talents of copper (the equivalent) in cedar, cypress, tamarisk, 
(and) myrtle wood, in X and X, in blue and red-purple wool, 
and in rouge extracted from worms Ili-ittiya shall produce and in 
the palace to Taya deliver. Seal of Ili-ittiya, the merchant. 


It may be noted that the source of cedar wood was 
Syria. The contract stipulates that the merchant 
pay the purchase price of the woman slave when the 
caravan returns. This document is interesting for 
another reason in that it uses the word for Canaan in 
the sense of red-purple, adding evidence that the word 
Phoenician came originally from the Greek word for 
“blood-red” (phoinizx). In other words, the ethnicon 
is traced to the name for the dye and not vice versa 
as is ordinarily beiieved (54). 


PURPLE 


From the earliest Sumerian period, purple (S/G 
ZA.GIN.NA) has been known (45). On an Assyrian 
prism fragment of the time of Sargon II, violet-purple 
and red-purple dyed wool are mentioned. 

The most costly dye of antiquity was made from the 
gland of mussels found on the Phoenician and Cretan 
coasts and also on the beach at Sidon. The gland is in 
the shape of a small sac behind the head. It contains 
a very small portion of a colorless creamy fluid with a 
strong garlicy smell. On exposure to light, when 
applied to cotton or wool, it successively becomes green, 
blue, red, deep purple-red, and with washing in water 
and soap, a bright crimson (56). Two species were 
used, Murex brandaris, the commoner one, and Murex 
trunculus (57). These two species were ‘probably 


mixed to attain the desired purple. 


To prepare the juice of the Murex gland, it was salted, 
cooked for some time, put in the sun, and then evap- 
orated until the proper intensity of color was obtained 
(58). From 12,000 mussels only about 1.5 g. of dyestuff 
is obtained (59). Wool was steeped in the dye solu- 
tion until the proper shade was obtained. 

It is, perhaps, of significance that purple dyestuffs 
are seldom mentioned in Sumerian and Akkadian eco- 
nomic documents. A rare mention is in an important 


text where Samhaza(l)lunu is used in iron and pomegran- 
ate. If the Syriac haladzinad, Murex, is equivalent 


to §amMpaza(l)lunu, then this may be a recipe for dyeing 
purple with Murex and mordanting with iron and 
pomegranate rinds, according to Thompson (60). It 
is of course possible, but corroborative texts should be 
found before the metathesis postulated is accepted. 

It is highly probable that most of the purple wool 
and cloth used by the Sumerians and their successors 
was imported from Syria as the evidence from an al- 
ready discussed Nuzi text has shown. Syria’s dyeing 
industry was well known. It is interesting that 
Sargon, with facetious contempt, when he captured 
Ilubidi of Hamath not far from Carchemish, North 
Syria, dyed his skin red. Sargon perhaps had the local 
dyeing industry in mind. 

Cudbear, well known to the ancients, yielded a rich 
and beautiful purple. A combination of red and blue 
may have been used but the evidence is not available 
to bear this out. 


PROCESSES IN DYEING 


Owing to the meager evidence relating to the methods 
and operations for dyeing in ancient Mesopotamia, it 
may be instructive to refer back to the contemporary 
technology. Since leather manufacture and dyeing 
technology are closeiy related, it would be appropriate 
to examine the tanning and leather dyeing operations. 
In a first millenium B.c. tablet (61) we read: 


X minas and six shekels of alum 

X minas of pagratu (gall) 

1/; ga of fat, 1/; mina and two shekels of myrrh for tanning 
eleventh day of the month of Aiaru 

for Kidinna 

worker in hides, having been curried 

the sixth day of Aiaru 

third year 

of Cambysus 

king of Babylon, king of the world 


Closely resembling this text is a ritual recipe for 
tanning (62): 

You will take this hide and steep it in crushed flour of pure 
barley, in a solution of beer and first quality wine. With the 
best fat of an unblemished young bull, with alum of the Hittites 
and with gall-nuts, you will press it. Then you will spread it 
over a kettle-drum of brass. 


In both cases, fat, alum, and gall are utilized. Mor- 
danting is certain to have been fully established as an 
art much before the period of this tablet. 

From the Talmud, which often reflects the Babylon- 
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Dye Plant Showing Rectangular and Circular Stone Vats 


ian technology of the first millenium B.c., we know that 
wool was steeped in an extract of bran before dyeing 
(63). It was then placed in a copper kettle and warmed 
gently with the dye and the pulverized dry material 
(mordant?) (64). It was stirred by the dyer so that 
the dye would act evenly on the wool and not burn, 
Water was poured in (65). After a while, the wool was 
removed from the vat (66), washed, and dried (67). 
Often the wool was spotted and the job ruined. 


DYEING APPARATUS 


Mesopotamia proper has not as yet given up any 
dyeing apparatus to excavators. Important finds 
in Palestine of the eight century and earlier, however, 
have been made. At Tell Beit Mirsim, round stone 
vats were found, between 70 and 90 centimeters in 
height and in outer diameter, with the inner diameter 
between 30 and 45 centimeters and the mouth from 
one-half to one-third as wide. A circular groove was 
chiseled around the rims of the vats, with a connecting 
hole in the groove leading back to the vat. In some of 
the vats stones were still in place covering these holes. 
Albright believes that the circular groove was to catch 
the dye which then ran back to the vat through the 
small hole. The stone in the hole was to keep the 
liquid from splashing out (68). If analogy were to be 
made with later Arabic alchemical apparatus, the 
small hole was probably used primarily for sampling 
the solution and partly for brief stirring. When the 
dyeing was completed, the thread was probably 
unwound and removed by drawing it out through the 
hole. While the wound thread was in the dye, it was 
probably turned through the solution by a suspension 
work whose legs ran on the vat groove and in whose 
center was suspended the bobbin. It may be compared 
to a wagon wheel with the bobbin as an extension 
of the hub and with the rim revolving on the vat 


groove. 
Other containers were found at Tell Beit Mirsim in 


the dyeing sectors. In one room were found rectangu- 
lar basins of stone and plaster about 65 centimeters 


JOURNAL OF CHEMICAL EDUCATION 


deep, i.3 meters long, and 0.90 meters wide. Also, a 
narrow bench was found with a large handleless jar 
set into it, 51 X 35cm. Near the vats, in the room 
corners, were found two hole-mouth jars partly full 
of slaked lime. This pattern was repeated in part or 
in whole in other dye plants found in this region. 

Another room held a rectangular basin of stone, mortar, 

and plaster, approximately 1.8 m. K 8 m. X 55 cm. 

A.narrow masonry workbench held some pottery and 

a large two-handled pitcher. The dye plants in Tell 

Beit Mirsim were located very close to cisterns since 

the dyeing process requires a great deal of water. 

Somewhat similar round vats were found at Beth 
Shemesh, from about 1000 B.c. or a little earlier and 
used down to 589 B.c. In this city, the commonest 
industries from the tenth century B.c. on were the press- 
ing of olives and wine manufacturing, not vat dyeing 
(69). Very few of these vats were found in this locality. 

Since no vats of this type have been discovered in 
Mesopotamia, it is likely that wooden vessels were used 
there. This is shown in a tablet where wooden utensils 
(gis-G) are mentioned for the treating of woolen and 
linen garments (70, 71). 

Evidence points to a high development of the dyer’s 
art in very ancient times. In the Near East, wool, 
cotton, and linen were dyed, the former being by far 
the most common. Colors were not differentiated 
sharply, at least linguistically. Purple and varicolored 
cloths were the most favored. The most common 
colors were not the dyed but the natural shades of 
wool such as white, black, brown, and gray. Red, 
yellow, and blue were also well known. The dyeing 
processes as they were known to the Mesopotamians 
are still largely unknown to us. The little that is 
known comes from the Talmud and from analogy with 
a few Babylonian tablets on tanning procedures. 
These probably had a common origin with the dyeing 
of fibers, or, more likely, preceded it in the remote 
prehistoric past. Dyeing of cloth was rare; the yarn 
or thread was put through the dye, usually in vats. 
Mordant dyeing, also very common, has already been 
demonstrated to have been in use in ancient Mesopo- 
tamia. 
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SCIENCE PROJECTS—HELP FOR THE HELPERS 


An ExtreMELyY valuable aid for teachers whose students are entered in science-exhibit competitions 


has recently come to our attention. 


It is “Science Exhibits,” by Helen Miles Davis, published 


by Science Service, Washington 6, BD. C. It should be on every high-school teacher’s bookshelf. 
Two dollars buys these 90 pages of interesting reading for any chemist. 


WEDGWOOD—A LIVING TRADITION 


Tue utmost confusion seems to exist in regard to the 
different types of ceramic body, and no wonder. It 
all starts, of course, because we insist on describing 
ceramic ware generally as ‘‘china,’’ when half the time 
the ware in question is something else. First of all, 
we want to enter a strong objection to calling all 
tablewares ‘china,’ when, as a matter of fact, 
other types of ware are involved as wel]. Would not 
the term “dinnerware” be more appropriate? 

Anything made of baked clay, whether it be brick or 
porcelain, earthenware or bathtubs, is properly termed 
“ceramic,” derived from the Greek, Keramos, “a 
pot.”” Because the Chinese produced a_ porcelain 
body, way back when, is no reason for calling anything 
ceramic by such a generic term as china—but it is 
done. 

To try and make a little order out of chaos, let us 
first of all get firmly fixed in our minds that ceramic 
wares may be broadly classified into two distinct classes: 
(a) vitreous, or glassy in texture, and translucent, and 
(b) porous in texture, and opaque. 

Class (a), the glassy kind, is properly called porce- 
lain, the name being derived from the cowrie shell, 
which is glassy in appearance and was called porcellana 
by the Portuguese. Why porcellana? Because this 
shell looks rather like a miniature pig. This class in- 
cludes both hard- and soft-paste porcelain, hote] china, 
and bone china. 

Class (b) is properly called pottery and includes 
earthenware, faience, majolica, Queen’s Ware, and 
that lower grade of earthenware dubbed by the de- 
partment store with the horrible and meaningless 
term “semi-porcelain,”’ which should be abolished. 

The distinction between classes (a) and (b) is compara- 
tively narrow, depending not only on raw material 
composition, but also on the degree of firing. There 
is also a large hybrid class between these two which 
may take on some of the attributes of both. To this 
class we may give the general term of stonewares; 
these include the following types, listed in descending 
order of hardness and porosity. 

(1) Hard-glaze porcelain, such as French, German, 
or Japanese china. 

(1) Soft-glaze porcelain, such as American china; 
and soft-glaze bone china, such as English china. 

(3) Jasper and black basalt. 

(4) Earthenware, both American and English. 

(5) Earthenware, such as Mexican and Italian. 

The difference in hardness of glaze between (1) and 
(2) is purely comparative and. depends upon the fact 
that hard porcelain has a comparatively low first (or 
biscuit) fire and a very high glaze (or glost) fire, whereas 
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American and English bone china receives the reverse 
treatment, 7. e., a very hard biscuit fire and a compara- 
tively low glost fire. However, this is not to say that 
the low-fired glaze is not extremely hard and practical, 
for it is, and the only way of determining the difference 
between (1) and (2) glaze is to try scratching it with 
a steel file—and who wants to subject good dinnerware 
to such unnecessary tests? 

Hard porcelain, American china, and English bone 
china are very similar in body composition, since all 
three contain kaolin (china clay), flint (or quartz), 
and a flux called Cornish stone which bonds these 
materials together. But whereas hard porcelain and 
American china use feldspar in addition, English bone 
china contains approximately 45 per cent bone ash. 

Bone ash, being dead white, imparts a whiteness to 
bone china which the other classes lack, and it also 
gives great strength to the body. Furthermore, bone 
also adds a certain amount of plasticity to the body, 
which is made up for by the addition of a small propor- 
tion of white ball clays (plastic) in the case of hard 
porcelain or American china. Because of the use of 
feldspar in the hard porcelain and American types in 
contradistinction to English bone china, these two 
broad classifications are known as feldspathic china 
and bone china. 

Both American and English bone china are translu- 
cent and nonporous, and there is little to choose be- 
tween their hardness and “unchipability.”” The only 
great physical difference is that between an ivory and 
a white body. 

Class (3), jasper and black basalt, are almost peculiar 
to Wedgwood, and the difference between classes (4) 
and (5) are so apparent that little needs to be said. 
Generally speaking, however, class (4) earthenware, 
as made by the English and American potteries, is 
cream in color and is harder fired than other types. 
Mexican and some American earthenwares are made 
from red- or buff-burning clays which are covered with 
engobes (liquid clay coatings) or colored glazes, which 
cover up the body color. 

There is a tendency these days for the retail consumer 
to insist that she wants “real china,” not always know- 
ing what she really means. Admittedly, china has 
advantages over earthenware which it is not our inten- 
tion to minimize. The customer, for instance, is 
aware that china is tougher than earthenware and will 
not chip as readily, and that, being as a rule more formal 
and certainly more expensive, her social position de- 
mands that she shall have “the best.” But earthen- 
ware fills a great many other needs and, indeed, is 
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far more suitable than china in many informal homes. 
As a second set or as a starter in early married life, 
until a best china set can be afforded, earthenware is 
the answer; and indeed many people, once they have 
started with earthenware, will want to keep on using 
it because of its warmth and “friendliness,” compared 
with the relative cold smartness of the more formal 
china. 

It was Josiah Wedgwood who really perfected 
“cream ware” and put it on the market for all to buy. 
Building on the improvements of men like Thomas 
Astbury (died 1734), who introduced white clays and 
ground flints into the heretofore rather dirty-looking 
body, and Enoch Booth who, about 1750, introduced 
the liquid lead glaze, Wedgwood improved beyond all 
recognition the types of body which were being used 
before his time. By his improvements in the “body, 
shapes and glazes of the articles of our manufacture,” 
he “converted a rude and inconsiderable manufacture 
into an Elegant Art and an important part of our Na- 
tional Commerce.” 

So great was this contribution to humanity that it was 
not Jong before all of his rivals and contemporaries in 
Staffordshire were making cream ware. It could be 
produced at such a price that all could afford it, in 
contrast to the state of affairs existing before his time 
when only the wealthy classes could afford to import 
Chinese porcelain or to use the limited supplies of 
Delft ware then available. Staffordshire cream ware 
became so popular and so widely known and used that 
it was used in every inn “from Moscow to Lisbon,” 
and was also exported in large quantities to the Colonies 
in America before Josiah Wedgwood had been in 
business for more than ten years. 

In 1765 Wedgwood was honored by a royal commis- 
sion from Queen Charlotte, wife of George III, since 
which time with Her Majesty’s permission, this cream- 
colored earthenware has been known as Queen’s Ware. 

Today Wedgwood’s Queen’s Ware is essentially of 
the same composition as the early cream ware, and 
consists of ball clay (for plasticity), china clay (for 
whiteness), ground burnt flint (for whiteness and 
strength), and Cornish stone (a fluxing material). 

The secret of making porcelain never leaked out 
from the Orient, which, of course, was fine for the 
Chinese, who developed an extensive and lucrative 
export trade to England and Europe, and hence to 
America, throughout the seventeenth and early part 
of the eighteenth centuries. These export porcelains 
(which for some reason unknown are often dubbed 
erroneously with the name Lowestoft) were very often 
made to special order, decorated with armorial bearings. 
The Chinese kept their secrets, and their export trade 
thrived. 

The result was not surprising. Imported porcelain 
was rare and costly and became so much prized that 
the European ‘‘philosophers” or alchemists, many of 
whom were maintained and supported by despotic 
European rulers with the main object of transmuting 
the base metals into gold, were told to quit trying to 


find the Philosophers Stone and to produce porcelain, 
or else! 

The Elector of Saxony had a philosopher named 
Johannes Béttger whom he kept prisoner in the castle 
of Albrechtsburg. Here the wretched Béttger worked 
on his gold experiments, but at the same time carried 
on trials at reproducing Chinese porcelain. Actually, 
the fortunate man turned out to be successful in produc- 
ing a fine red stoneware, and followed up this success 
in 1708 by finding a deposit of kaolin, which made 
possible the making of true porcelain. As a result of 
this success, the Elector established the famous porce- 
lain factory at near-by Meissen. 

Porcelains, and most other ceramic bodies for that 
matter, contain fluxes—that is, they must have a 
material which will melt in the fire and bond the 
other materials together. The more flux a body 
contains, the more it has a tendency to bond jn the fire, 
and the more translucent it becomes. To get a good 
translucent, but at the same time rigid, body there 
must be a proper balance between the fluxes and the 
“rigid” materials. 

Who discovered that calcined (burned) and ground 
bone would turn out to be such a perfect material for 
giving rigidity is open to question. It seems logical, 
however, that bone would do for a ceramic body what 
bones do for the human body. In Josiah Wedgwood’s 
“Experiment Book,” we find the record of early trials 
in which he used calcined bone. 

Why is china more expensive? There are various 
reasons. In the first place, bone is an expensive in- 
gredient (the best bones are considered to be the shin 
bones of oxen, most of which come from the Argentine). 
Second, china bodies are nearly always less plastic 
than earthenware. You cannot use such a high pro- 
portion of plastic ball clay in china because of its un- 
fortunate property of giving an ivory color to the 
body. Because china body is so “short,” it is very 
difficult to manipulate when it is being potted. Third, 
when dry, the china body is extremely fragile and will 
break at the slightest touch. Fourth, because of china’s 
tendency to bend in the fire, plates have to be supported 
individually in fireclay boxes called ‘‘setters.’”” Add 
to these the fact that patterns, at least in English bone 
china, are nearly always on-glaZe enamels, requiring 
perhaps half a dozen hardening-on fires, and you can 
easily appreciate the fact that china is more expensive 
than earthenware. 

Perhaps, though, in the long run it is not, because, 
as we have pointed out before, china is so much tougher 
and more chip-resistant that it will by far outlast an 
earthenware set in use. 

Now for a word about china patterns. The same 
processes of decoration that are used on earthenware 
can be equally well applied to china, but in practice it 
is more common to find the decoration applied on-glaze. 
Because of the higher firing temperatures, the same 
kinds of limitations occur in the palette of usable colors 
as in the case of earthenware, only the palette is still 
more limited:. China, furthermore, being considered 
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a greater luxury, demands a richness of decoration (2) is richer—looks more expensive; 

obtainable only by the use of on-glaze enamels and gold (3) lasts longer; 

and platinum. (4) being vitreous, will not stain if chipped; 
So where do we stand when it comes to the question: (5) will not craze. 


‘Shall I buy china or earthenware?” Quite honestly, On the other hand, earthenware is better in that it: 
the question can be decided only by the buyer, having (1) is better for informal entertaining; 


regard to her own tastes and to the use to which she (2) is“ warmer” in appearance; 
intends to put her dinnerware. We have tried to pre- (3) is less expensive; 
sent the pros and cons in an intelligent fashion, so that (4) has underglaze colors that are more resistant 
the purchaser may know both sides of the picture. to Wear; \ 
In summary, the advantages of china are that it: (5) is not so liable to crack, because of its better 
(1) is better for formal entertaining; thermal expansion properties. 
e CROSSWORD PUZZLE 


BERT H. CLAMPITT 
Oak Ridge, Tennessee 


1. 0.238 calories 
6. CaCO; is Iceland W 12 
10. The effect of quantum me- 
chanics 
11. Eagles 13 14 is 
13. Reagent (abbreviation) 
14. Ihave 17 18 IF 20 
15. Sodium. . 
16. A grandchild 
17. Suffix denoting an alcohol el 25 
18. Eight-carbon acid 
21. He built an ark a5 26 I 
24. To fall in drops : 
25. CaSO, 29 
27. A camel 4 ot 
31. Propenyl-2,4,5, tri-MeO-benzene 
34.. English variant of she 3, |33 3+ 
35. Awakens a foul 
37. Sun pr 7 
38. Radium 
39. Glucinium 
40. Border ofa garment . 38 37 #/ fe ] 
42. Dental technician (abbreviation) 
43. Concur 43 +5 +6 : 
45. Y20; 
47. SiO. 
48. A flower 47 +8 y 
10. Sodium sesquicarbonate and Churchill met 
1. a@ Naphthoquinone 12. A groom 31. Scent of flowers 
2. Preposition 19. (CHs);— 32. Catches 
3. Sodium is a _____ valent ion 20. All right 33. 100 square meters 
4. Dextro and rotatory 22. Exclamation 36. Combining form meaning bristle 
5. are emitted by hot bodies 23. Gaseous element 41. Material 
6. (Fe, Mn, Pb)O-TiO:; 26. Talked foolishly 44. Radium 
7. Swaggered 28. Donkey 46. Sun god 
8. Article 29. Rhodium in its highest valence state 
9. Grease again 30. Russian city where Roosevelt, Stalin, (See page 639 for solution) ‘ 
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s THE COMPOSITION OF THE ATMOSPHERE 


Tue constituents of the dry atmosphere are given in 
most textbooks of chemistry in a form similar to that 
shown in Table 1. In one respect, such a table is no 
longer entirely adequate. To be sure, it includes the 
only four gases which are present in the dry atmos- 
phere in more than trace amounts. However, to 
the knowledge of the author, such tables never dis- 
tinguish among the various isotopic species of the 
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Among the still rarer constituents of the atmosphere 
are the inert gases. Except for the helium occurring 
along with natural gas in certain wells, the atmosphere 
is the only significant source of these elements. The 


TABLE 3 
Composition of the Dry Atmosphere by Nuclides 


gases concerned. Nuclides per ten thousand 
The interest in a table which would so distinguish nuclides 
lies in the fact that the heavy isotopes of oxygen and Nis 7818 
nitrogen are useful in chemical and biochemical inves- po — P 
tigations. The atmosphere is one source of heavy oxy- Nu“ 287 
gen and is the sole significant source of heavy nitrogen. om 27 
0.5 
TABLE 1 ad 0.2 
Composition of the Dry Atmosphere All others Traces 
Parts per ten thousand 
(by volume) TABLE 4 
Nitrogen 7809 Inert-gas Composition of the Dry Atmosphere 
Parts per billion 
Carbon dioxide 3 (by volume) 
All others Traces Argon 9,300,000 
Neon 18,000 
Such an important chemical resource is worthy of hang 1000 
enon 


quantitative estimation. 

Using the per cent isotopic composition of the ele- 
ments concerned (which may be found in any hand- 
book) and assuming random distribution of the various 
nuclides, it is possible to prepare Table 2, which takes 
isotopic composition into account. It is also possible 
to center attention not on molecules but on the nuclides 
themselves and to prepare Table 3. It is obvious from 
Tables 2 and 3 that the heavy isotopes of nitrogen and 
oxygen, while only minor constituents of the atmos- 
phere, are far from being trace substances. 


TABLE 2 
Composition of the Dry Atmosphere by Molecular Species 


Parts per ten thousand 


(by volume) 

NUN 7753 
2085 
A® 93 
56 
OO 8 
16 3 
1.6 

0.4 
All others Traces ‘ 


TABLE 5 
Inert-gas Composition of the Dry Atmosphere by Nuclides 


Paris ser billion 


(by volume) 

9,260,000 
32,000 
AS » 5600 
He‘ 5000 
Ne”? 1700 
Kr*4 560 
170 
120 

3 120 
Ne?! 50 
Xe!82 24 
Xe!29 23 
20 
19 
Xe!%4 9 
8 
Xe!” 3 
Kr® 3 
Xe 1.8 
0.09 
0.08 
He’ 0.006 
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concentration of these gases in the atmosphere is given 
in Table 4, argon being included for the sake of com- 


pleteness. 


TABLE ¢ 
Rare Molecular Species of Oxygen and Nitrogen in the 
Atmosphere 


Parts per billion 
(by volume) 


11,200 
O80 830 
Ovo" 340 
30 


N45N5 


The five stable inert gases listed in Table 4 are made 
up of a total of 23 different stable nuclides. Knowing 
the isotopic composition of the inert gases, Table 5 
may be prepared in which the concentration of each 
nuclide is given. 

The unit, parts per billion, was selected for use in 
Tables 4 and 5 because the volume of the atmosphere, 
calculated to 0°C. and one atmosphere pressure, is one 
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billion cubic miles. It follows that a figure representing 
the volume of an atmospheric constituent as parts per 
billion also represents the volume in cubic miles made 
up by that constituent if it were collected in one place 
under those standard conditions of temperature and 
pressure. 

Thus, there is enough Xe!” in the air, trace constitu- 
ent though it be, to make up nearly two cubic miles of 
gas if it were collected in one spot. Even He’, the 
least of the inert-gas nuclides, both in mass and in fre- 
quency of occurrence, would take up 0.006 cubic miles 
if collected which amounts to 24 billion liters or, in 
mass, 3.2 billion grams. In fact, even though He’ 
occurs in the atmosphere only to the extent of six parts 
in a trillion, there is still enough of it for every cubic 
centimeter of air (at standard conditions) to contain 
160,000,000 atoms of that nuclide. 

One last note: There are species of oxygen and nitro- 
gen molecules whose occurrence in the atmosphere is 
of the order of rarity of the inert gas nuclides. These, 
naturally, are the molecules made up entirely of the 
rarer isotopes of these elements (see Table 6). 


THE EXPERIENCE OF A TECHNICAL SUMMER 
EMPLOYEE IN INDUSTRY 


Lasr summer I had an opportunity to work with the 
Standard Oil Development Company in their Esso 
Research Center at Linden, New Jersey. The Stand- 
ard Oil Development Company has, from time to 
time, conducted a limited program of summer employ- 
ment for science teachers at the Esso Laboratories. 
While this has been confined mainly to teachers from 
universities having specializations pertinent to this 
company’s activities, the program has also included 
high-school teachers. The Standard Oil Development 
Company is the central research, development, and 
engineering unit of the Standard Oil Company (New 
Jersey). 

Obviously, the highly specialized nature of the ac- 
tivities limits the scope of the work which can be per- 
formed during a summer experience. It has, however, 
been possible to provide stimulating short-range proj- 
ects. This permits a summer employee to do an entire 
job, giving him a feeling of pride in a completed work. 

An experience of this nature helps teachers under- 
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stand the free enterprise system by showing them how it 
works. Modern free enterprise is dedicated to serving 


people. By serving effectively it makes a profit, 
and the profit enables it to continue to serve. Teachers 
can be a powerful force in combating communism by 
explaining this philosophy to their students. Through 
the efforts of the public relations department and the 
company’s operating divisions, the company has begun 
to answer the need for better understanding between 
education and industry. 


THE WORK-TOGETHER PLAN 


The company believes that it can help teachers to 
offer a more helpful type of school and university. pro- 
gram by introducing them to the philosophy of modern 
industry. At the same time the company wishes to 
foster good relations among the schools, industry, and 
the general public. Teachers can sell the American 
way of doing things to the younger generation only if 
they themselves are completely familiar with it. In- 
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dustry is a big part of our American way and must 
therefore do its part in keeping the public informed 
concerning its operation; it believes that our method of 
free enterprise must be publicized if we are to combat 
its opponent, communism. Teachers can effectively 
do this, and industry is interested in helping them. 


PURPOSES OF SUMMER EMPLOYMENT 


In organizing the work for the summer employee, the 
Standard Oil Development Company !:eeps a number of 
items in mind. Some of the more important ones are 
listed below. 

(1) They want to help the teacher financially. 

(2) They want to give the teacher a type of job 
that will not be strictly routine but rather one that will 
give the teacher a feeling of accomplishment and self- 
satisfaction. 

(3) They want to introduce the teacher not only to 
company philosophy and policy, but to the philosophy 
of modern American industry in general. 

(4) They want to introduce the science teacher to 
the methods of modern scientific industrial research, 
with the idea that the high-school science classroom 
is the place where interest in a scientific career can 
be stimulated. 

(5) They want the teachers to contribute to the 
purposes of the company. 

(6) They want the teacher to gain as much useful 
information as possible. 


HOW IT HELPS THE TEACHER 


Looking at these items from the teacher’s point of 
view: 

(1) The financial assistance enables the teacher to 
participate in this program, instead of working at a 
job unrelated to his field of interest. 

(2) The teacher benefits by obtaining useful 
material concerning the mechanics involved in research 
and the philosophy of free enterprise. This material 
will be useful] in the classroom. 

(3) He acquires a feeling for the basic philosophy 
of modern industry and can talk more intelligently 
about its organization and goals. 

(4) He gains experience that might be valuable 
to him in obtaining future summer employment. 


HOW IT WORKED 


An opportunity was afforded me to work in the 
company’s Esso Laboratories-Products Research Divi- 


sion. 
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The work was planned so that the teacher was offered 
all of the tools of research. A specific problem was de- 


cided upen. It was left up to the individual to organ- 
ize and carry out the experimental work needed to solve 
the problem. In my case the problem was to deter- 
mine the effect that composition has upon various 
physical properties of semisolid petroleum products. 
Literature describing past work done on the problem and 
the physical equipment needed to perform the desired in- 
vestigation was given to the teacher. Supervision was 
not forced upon the teacher, but it was given graciously 
when asked for. As a science teacher I began to realize 
how valuable a person who can express himself, both 
in writing and orally, is to modern industry, This was 
realized by participating in the frequent reviews of the 
work, by writing memoranda and reports concerning 
the work, and by preparing and giving a final oral sum- 
mary presentation of results, for the benefit of other 
technical employees. 

Several informal discussions introduced the teacher to 
the philosophy of modern American industry. <A two- 
day orientation program (offered as part of an indoctrin- 
ation program to new employees) gave the teacher an 
over-all picture of the oil industry, and of the Standard 
Oil Company’s organization and philosophy. The 
program stressed the transition of industry from the old 
fashioned type of “dictatorship” to the modern co- 
operative system, where the employees work as a team. 
Management is just another part of the team, not the 
overseer. The company believes in America’s free 
enterprise system. Its primary purpose is to help 
people by offering good products; by doing this it makes 
a profit so that it can continue to serve the people. 
An opinion survey made a few years ago by a national 
opinion research organization indicates that some 
teachers do not understand this new philosophy of big 
industry. 

By obtaining an over-all view of the industry and yet 
being able to work on a problem in one particular group, 
the teacher is able to return to the school with a clear, 
complete picture of just what the scientific industries 
have accomplished and what their goals are. The 
science teacher can more honestly and effectively stimu- 
late young students to continue in technical scientific 
training to prepare themselves for a field in which there 
is, and will be for some time to come, an extreme short- 
age of personnel. 

The teacher is therefore helping himself and the 
industry, and of most importance, he is helping better 
to guide the future citizens of our country. 
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* THE BEER-LAMBERT LAW AND THE COMBI- 


NATION OF PROPORTIONAL DEPENDENCES 


In A recent article in TH1s JourNAL! Lohman pointed 
out that Lambert’s law and Beer’s law are often de- 
rived separately and then combined without math- 
ematical justification into the Beer-Lambert law. He 
then suggested a procedure for effecting the combina- 
tion. A method described by Slifkin? for combining 
proportional dependences can also be applied to this 
case. However, since various similar situations (Boy- 
le’s and Charles’ laws; law of mass action) are usually 
encountered by chemistry students before they have 
studied calculus, which is required by both these 
methods, it is well to realize that combinations of this 
sort can be accomplished in a much simpler manner. 

One such method, for example, can be applied to the 
radiation absorption laws as follows. Lambert’s law 
states that A = k,l where A is the absorbance, | is the 
length of the light path in the solution, and k; is in- 
dependent of 1 but varies with the concentration c. 
For constant 1, k; is proportional to A. But for con- 
stant J, Beer’s law states that A is proportional to c. 
Therefore k, is proportional to c for a given 1. This is 
true with the same proportionality constant for every 
l, since k; cannot depend on/. Thus the combined law, 
A = kel, follows. 

Another elementary method, similar to one at- 
tributed to A. T. Lonseth by Willard and Diehl? can be 
stated in a more general way as follows. It is assumed 
that: 


7 = f(a, V2, .-. Zn) (1) 
and that, for each independent variable, 2;: ; 
y = ki; (2) 


where k; is a function of all the independent variables 
except x;. Division of equation (2) by the product of 
all the independent variables, II;"2;, gives: 


(3) 


in which the right member manifestly does not depend 
on the one independent variable, z;. But since this 
equation can be written for every x;, the left member 
must be independent of ail the independent variables; 
that is, it must be constant. Therefore: 


1 Louman, F. H., J. Cem. Epuc., 32, 155 (1955). 

2 Suirkin, L., ibid., 25, 346 (1948). 

3 Wittarp, H. H., H. Drent, “Advanced Quantitative 
Analysis,’”’ D. Van Nostrand Co., Inc., New York, 1943, p. 112. 
The author is indebted to Professor Harold Horan of St. John’s 
University for directing his attention to this reference. 


EUGENE M. HOLLERAN 
St. John’s University, Brooklyn, New York 


y= kil"; (4) 


This demonstrates the general rule that a function of 
several independent variables which is proportional to 
each one separately when all the others are constant is 
proportional to their product. 

The main virtue of the combination procedures 
which require calculus is their not inconsiderable value 
as mathematical exercises for more advanced chemistry 
students. Probably the most useful for this purpose is 
the one employed, for example, by Daniels‘ and Klotz,° 
which may be generalized as follows, beginning again 
with equations (1) and (2). From equation (1) the 
complete differential of y is: 


dy = (dy/dx;)dx; (5) 
1 


From equation (2): 
(dy/dx;) = ky = (6) 


Substitution of these into equation (5) and division by 
y gives: 


n 
diny = ding; (7) 
1 


Integration and removal of logarithms leads again to 
equation (4). 

The detailed application of this method to the com- 
bination of the gas laws, Vr, p = kyn (an extension of 
Avogadro’s law), Va,r = ke/P (Boyles’ law), Vn, p 
= k3T (Charles’ law), serves as an excellent refresher 
for the mathematics of thermodynamics and fits in 
easily with the usual preliminary discussion of 
properties of matter and equations of state. 

In the presentation of the Beer-Lambert law, how- 
ever, it seems desirable to derive the combined law 
directly. The above rule for the combination of 
proportional dependences can conveniently be em- 
ployed in the following manner. Consider a mono- 
chromatic light beam of intensity J passing through 
an infinitesimal thickness dl of a solution with a con- 
centration c of absorbing centers. It is obvious, or at 
least reasonable, especially from the viewpoint of col- 


4 DanrE.s, F., “Outlines of Physical Chemistry,’’ John Wiley 
& Sons, Inc., New York, 1948, p. 671. 

5 Kiotz, I. M.. “Chemical Thermodynamics,” Prentice Hall, 
Inc., New York, 1950, p. 60. 
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lisions between photons and absorbing centers as 
described by Goldstein and Day,* that the decrease in 
intensity, ~dJ, should obey the following three separate 
laws: 

—dI =k (k, constant for given c and dl) (8) 


—dI =kec (ke constant for given J and dl) (9) 


6 J. H., R. A. Day, Jr., J. Cuem. Epuc., 31, 
117 (1954). 


—dI = k;dl (ks constant for given J and c) (10) 


The reason for considering an infinitesimal thickness, 
dl, is to limit the decrease of intensity to an infinitesimal 
value so that J may be considered constant as required 
by equations (9) and (10). <A finite / and an infinites- 
imal c could just as wel] have been considered. The 
combined form of these three statements, —dJ = 
kIcdl, integrates to the combined law which includes 
the separate laws as special cases. 


A FAIRY STORY FOR CHEMISTS’ 


ONCE upon a time there was a happy little particle 
family which lived down in the shade of a lithium atom. 
There was Papa Proton, Mama Neutron, the little 1s 
twins, and the youngest member of the family, 2s. 
Little 2s was a merry little fellow whose favorite pastime 
was spreading out and behaving like a wave, which 
caused his mother no end of worry. She had always 
nad trouble finding him since the day he was delivered 
by Dr. Heisenberg. 

One day Mama Neutron stuck her head out through 
the dotted swiss orbitals covering the window of their 
happy little nucleus and shouted, ‘Junior!’ She 
always called 2s “Junior” because she couldn’t remem- 
ber his name. “Junior,” she said, “you may play 
anywhere you please (as long as you fulfill the Schroed- 
inger wave equation), but don’t go near the fluorine 
atom. He isa horrible, mean, electronegative old ogre 
who loves to take little 2s electrons and chain them 
into 2p bonds.” 

“All right, Mama,” said little 2s, and he went skip- 
ping merrily up the energy levels in the garden behind 
the nucleus. It was a wonderful day and 2s was so full 
of energy (hv) that he gamboled about emitting child- 
ish ultraviolet waves of joy. 

Suddenly little 2s felt a tug at his probability func- 
tion. There leering over the garden was the fluorine 
atom. ‘Come into my 2p level,” said the fluorine 
atom to the trembling little electron, meanwhile kicking 
another unfortunate electron back to its orbital. 
“You'll have lots of little playmates there.” And 
before he knew it, little 2s found himself snatched away 
screaming as the fluorine ion (now atom) went racing 
down the road chortling to himself. 


! [EptTror’s NOTE: We wish we knew the source to be acknowl- 
edged for the above. We felt it was too good to keep from our 
readers. It is printed with the hope that the author may rise 
from obscurity, take his bow, and maybe even contr#bute again 
more directly.] 


“Suddenly the fluorine ion stopped short. On the 
path ahead was a beautiful, irresistably obvious mem- 
ber of the opposite sex. “Hi, Big Boy,” she said. 
“Come up and see me some time. Just try the third 
electrolytic vat on the left and ask for Anne.” 

Little did the fluorine ion know, but this was the 
little electron’s fairy godmother, Anne Ode, who just 
happened to be speeding down the path in her cadmium 
hot-rod. 

The fluorine ion felt irrestibly drawn by her magnetic 
personality. ‘You and I could emit beautifui spectra 
together, baby,” he said, pushing his eyes back in and 
straightening his 2p orbital. 

“To coin a phrase, I bet you tell that to all the cute 
little electrodes,”’ rejoined Anne. 

All at once Anne noticed something strange about the 
fluorine ion. ‘My, what big orbitals you have. Have 
you been indulging in stray electrons again, in spite of 
my warning?” 

The fluorine ion was caught red (7500 A.) handed. 
Suddenly he made a break for it, but too late. The 
fairy godmother was too quick for him. With a wave 
of her magic wand (a reconve Mohr buret) she 
freed the little electron and the fluorine ion was whisked 
away into a platinum cell at the top of an extremely 
high mountain of a very hard vacuum. There he was 
left all by himself to meditate on his crimes for the next 
megacentury. 

And so, dear children, if someday you are slaving 
away in your laboratory over a hot test tube and you 
find a lithium atom which won’t react, look very 
closely at it. You will see Papa Proton, Mama Neu- 
tron, and three little electrons sitting on the front porch 
of their happy little nucleus, and you will notice that 
little 2s always stays near at hand, because he promised 
never to stray away from home again. 

Moral: Never kidnap an electron; it may be a 
shocking experience! 


j 
| 
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Proressor W. K. has suggested the con- 
sideration of the mechanism of the Leclanché dry cell 
for inclusion in this series. Descriptions of this still 
occasionally? include the reaction of manganese dioxide 
depolarizer with hydrogen gas. A check with some of 
the modern original literature revealed, interestingly 
enough, that most other textbook statements do not 
give the correct picture either. 

The Leclanché dry cell is formed, as is well known, by 
zinc metal, an immobilized concentrated solution of 
ammonium and zine chlorides, and a cathode mass of 
compressed manganese dioxide and carbon powders in 
contact with a carbon electrode.* That zinc dissolves 
at the anode is not questioned. But what happens in 
the cathode mass and in the electrolyte? 

A cell reaction based on the formation of hydrogen 
gas in any significant concentration could lead only to 
e. m. f.’s of less than one volt. This would correspond 
to the E° difference between the zinc and hydrogen 
electrodes (0.76 volt) plus an amount which may be 
accounted for by the complexing action of chloride on 
the Zn++ ions or reduced by an amount due to the low 
concentration of H+ ions in the solution. On the other 
hand, a calculation which includes the E° for the reduc- 
tion of MnO; (about —0.7 volt* 5) readily ee the 
actual values of nearly a volt and a half. 

The question of what occurs at the cathode Asin not 
seem to have a complete answer at the present time, 
nor can the answer be a simple one because of the 
wide variety of conditions under which the cell is nor- 
mally discharged. These may range from trickle dis- 
charge over a period of months or years to complete 
discharge in a matter of hours. In the former, diffusion 
may maintain approximately constant conditions 


1 Suggestions of material suitable for this column are eagerly 
sought and will be acknowledged. They should be sent with 
as many details as possible to K. J. M. at the above address. 

2 Since the purpose of this column is to prevent the spread and 
continuation of errors and not the evaluation of individual texts, 
the source of the errors discussed wil! not be cited. The error 
must occur in a least two independent standard books to be pre- 
sented. 

3 For a brief review of the evolution and variations, see HEIsE, 
G. W., anp N. C. Canoon, J. Electrochem. Soc., 99, 179C 
(1952). 

4 McMouroig, H. F., D. N. Craic, anp G. W. Vinat, Trans. 
Electrochem. Soc., 90, 509 (1946). 

5 Canoon, N. C., J. Electrochem. Soc., 99, 343 (1952). 
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throughout the electrolyte; in the latter, concentra- 
tions may vary tremendously within the cell. Cahoon 
and Heise® measured the pH in various parts of a cell 
which had been discharging for nine hours through a 
resistance of four ohms and found values varying from 
3.8 near the zinc anode to 10.1 near the carbon electrode. 
This clearly demonstrates that the H+-ion concentra- 
tion can differ by a factor of over a million within a 
rapidly discharging cell. Obviously other, slower-dif- 
fusing ions may show gradients of the same order. 

Under equilibrium conditions, when the Zn*+* ion is 
able to diffuse to the cathode, the cell product appears 
to be a zinc manganite, ZnMn.O, or Mn,O;-ZnO, iden- 
tical with the mineral hetaerolite. This has been 
identified by X-ray diffraction’ * in discharged celis 
and also has been found to be the stable phase formed 
from MnOz, Mn++, and Zn++ upon addition of base.‘ 
Under equilibrium conditions the cell reactions are 
therefore: 


2Mn0O, + Znt++ + 2e = ZnMn.O, 
Zn = Zn++ + 2e 
2Mn0. + Zn = ZnMn.O, (1) 


and there is no change in the electrolyte. 

However, when equilibrium is not attained, the main 
reduction product seems to be the hydrous manganic 
oxide MnO(OH) or Mn,0O;-H,O, identical except for 


poor crystallization with the mineral manganite. The 
cathode reaction is: 
MnO, + H.O + e = MnO(OH) + OH- (2) 


and the solution becomes alkaline in this region. 

The OH~- can react with the NH,* ions pres<*’ 
to form NH3, and both OH~ and NH; can react wiv+ 
Zn++ ions to form amines and basic salts. Depend: 
on initial conditions and rates of formation and dius": 
different products appear. Under moderate currents 
an insoluble diamine chloride Zn(NH3)2Cl. precipitates 
and cements the cathodic mixture to a hard mass.‘® 
The over-all cell reaction could then be written as: 


2MnO, + Zn + 2NH,+ + 2Cl- = 
2MnO(OH) + (3) 


The electrolyte becomes depleted in ammonium chloride 


6 Canoon, N.C., AnD C. W. Trans. Electrochem. Soc., 94, 
214 (1948). 

7 CopELAND, L. C., anp F. S. Grirritu, ibid., 89, 495 (1946). 

8 McMouror, H. F., ibid., 86, 313 (1944). 
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and stays neutral or, more precisely stated, as much 
acid appears near the anode as there is base produced 
near the cathode. 

Under very severe drainage conditions the amount of 
ammonia formed in the cathode exceeds the amount of 
zine present, and higher amines, such as the tetramine 
ions, are formed. Their hydrochlorides are relatively 
soluble and no precipitation occurs. The cathode 
mixture remains friable but develops a strong odor of 
ammonia. The over-all cell reaction now becomes: 

2 MnO, + Zn + 4NH,+ = 
2MnO(OH) + Zn(NH;),++ + 2H* (4) 

The over-all concentration of acid in the electrolyte 
increases. More precisely stated, there is more acid 
produced near the zinc anode than there is base appear- 
ing in the cathode mass. 

Under some conditions, probably when the concen- 
tration of Zn++ is high? or when ammonia becomes 
locally depleted through precipitation of the diamine® 
(equation (3)), a basic chloride ZnCl,-4Zn(OH): pre- 
cipitates.. The cell reaction then can be represented: 


® DANIELS, F., ibid., 53, 45 (1928). 


8MnO, + 4Zn + Zn*+* + 2Cl-~ + = 
8MnO(OH) + ZnCl.-4Zn(OH). (5) 


The electrolyte becomes depleted in zinc chloride and, 
on the whole, remains neutral. 

This over-all picture seems too complicated for pre- 
sentation to most freshmen. Which part of it should 
be presented, with proper reservations, is a matter of 
taste. Since most of the general] discussion of cells at 
that level deals with reversible phenomena it would seem 
logical perhaps to present equation (1) (with formation 
of hetaerolite) and mention that under more severe 
usage conditions other products and reactions become 
important. 

It might be noted incidentally, that the term “dry 
cell” has become highly ambiguous in the last dozen 
years or so. While the Leclanché cell remains the most 
important dry cell there are others that are well estab- 
lished such as the mercuric oxide, the alkaline 
or the magnesium"? dry cells. 


1 Boor, J. M., J. Electrochem. Soc., 99, 197C (1952). 
11 HERBERT, W.S., zbid., 190C. 
12 MorEHOUwSE, C. ibid., 187C. 
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a APPARATUS FOR THE DEMONSTRATION OF 
CONDUCTIVITY OF ELECTROLYTES 


Tue usual apparatus for the demonstration of the 
electric conductivity of aqueous salt solutions consists 
of a small flask or a test tube into, which is placed the 
solution to be examined, and two metallic conductors 
which are dipped into the solution. If the solution con- 
tains an electrolyte the gap between the conductors is 
short circuited and the flow of current can be detected 
by suitable means, 7. e., by the lighting up of a light 
bulb. 

In order to show the effect of different compounds or 
the effect of dilution on conductivity, either a series of 
flasks is necessary or the flask has to be emptied and 
refilled with the new solutions. This procedure is not 
only cumbersome, but the continuous, gradual decrease 


1 Present address: Celanese Corporation of America, Clark- 
wood, Texas. 


Conductivity Apparatus 


D, rubber stopper; 


A, copper wire; B, water inlet; C, powder funnel; 
E, water drain. 


HANS A. SUTER' and LORRAINE KAELBER 
Rollins College, Winter Park, Florida 


of conductivity of salt solutions with dilution is difficult 
to show effectively. 

The apparatus which is described below is very simple 
and readily assembled and does not have the disad- 
vantages mentioned above. Furthermore, it is be- 
lieved that it shows the conductance by electrolytic 
solutions much more impressively than does the usual 
setup. ; 

The apparatus is shown diagrammatically in the 
figure. The center glass tube serves as the drain. On 
the portion of this glass tube inside the funnel are 
wound two lengths of copper wire. The proper dis- 
tance between these two loops is determined by the con- 
ductivity of the local tap-water supply. The wires 
are connected to an electrical plug in series with a light- 
bulb socket. The funnel is supported by an iron ring 
secured on a ring stand and the water inlet tube is held 
by a buret clamp. 

To show electrolytic conductivity the water is turned 
on and allowed to flow at a moderate rate through the 
funnel, and the plug is connected to an a.-c. outlet. 
The light bulb should not light up if the gap between 
the two copper leads is properly adjusted. The addi- 
tion of a small quantity of an electrolyte, such as sodium 
chloride, to the flowing water in the funnel will light 
the lamp after a short interval required for dissolution of 
the salt. As the salt solution is diluted continuously 
by the incoming water the light intensity decreases, 
thus showing the dependence of conductivity on the 
concentration of electrolyte. 

The effect of different substances on the conductivity 
of water can readily be demonstrated by adding any 
substance desired to the flowing water in the funnel and 
observing the light intensity of the bulb. As soon as a 
substance is flushed from the funnel a new compound 
can be added without any manipulation of the equip- 
ment being necessary. 

The apparatus as described was designed as a demon- 
stration for a public science show and proved to be 
very successful. 
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s THE INTERMEDIATE COURSE IN CHEMISTRY 


Quaurrative analysis was originally taught as a 
part of the analytical chemistry course. As it has de- 
clined in practical importance, the conventional qual- 
itative analysis course has been dropped from some 
curricula and in others its emphasis has been changed. 
The main concern of the theoretical part is now the 
physical chemistry of water solutions. It is recognized 
that the laboratory work of qualitative analysis gives 
experience in a large number and variety of reactions 
which illustrate some important theoretical principles. 
Over ten years ago one of the authors devised and 
tested with a small class a set of experiments that he 
hoped would better illustrate solution chemistry. 
The greatest change was to make some of the ex- 
periments quantitative. The revised program seemed 
successful and it was adopted for all students in the 
first semester of the second year of chemistry. En- 
titled “Fundamentals of Analytical Chemistry,” this 
course has been in operation since then; the instructors 
concerned have found it to be superior to a laboratory 
program consisting wholly of qualitative analysis. 


GENERAL ORGANIZATION 


Fundamentals of Analytical Chemistry follows one 
year of general chemistry, in which two-thirds of the 
second semester’s laboratory work is devoted to quali- 
tative analysis. The course carries four semester hours 
credit and consists of one lecture, one recitation period, 
and two three-hour laboratory periods per week. 
The lectures treat the standard materia! and problems 
in elementary solution theory and are illustrated where 
practicable by lecture demonstrations. The recitation 
sections are devoted to informal discussions of the pre- 
vious lecture and the material and problems assigned 
from the text; written quizzes are given frequently. 

About 160 students enroll for the course each year. 
An average class is composed of 15 per cent chemistry 
majors, from six to eight per cent majors in other sci- 
entific disciplines, and 75 per cent premedical students. 


LABORATORY PROGRAM 


The objective of the laboratory program is to illus- 
trate theories and reactions of solutions of electrolytes. 
A number of the experiments are quantitative because 
it is felt that an understanding of the quantitative 
aspects of the theories is important. These experi- 
ments constitute an introduction to the methods of 


1 From a paper presented at the Southeastern Regional Meet- 
ing of the American Chemical Society, Birmingham; Alabama, 
October, 1954. 


W. C. VOSBURGH, PELHAM WILDER, JR., 
and J. H. SAYLOR 
Duke University, Durham, North Carolina 


quantitative analysis. Three experiments are of the 
conventiona] qualitative analysis type, since these 
procedures and reactions contain many good illustra- 
tions of electrolyte theory. 

The 11 experiments completed during a semester are 
described below. 

(1) Weighing. The student is taught how to use 
and care for the analytical balance and to weight to the 
nearest milligram. Here as in the other experiments, 
the principle is stressed and precision is sacrificed to 
speed and convenience. The maximum precision re- 
quired in any experiment is one part per hundred 
(one per cent). 

(2) Preparation and Standardization of a 0.6 M 
HCl Solution. A solution of approximately 0.5 M HCl 
is standardized gravimetrically by weighing silver chlo- 
ride. The use of a pipet, the technique of weighing a 
precipitate, and the significance of a standard solution 
are taught. 

(3) Determination of the Concentration of an Un- 
known NaHCO; Solution. The fundamental concepts 
of volumetric analysis are illustrated by titration of a 
measured volume of unknown NaHCO;.solution with 
the standard HCl solution prepared in Experiment 2. 
The definition of concentration in terms of both grams 
per liter and moles per liter is stressed. In the titration 
the buret is read to the nearest 0.1 ml. 

(4) Properties of Electrolytes. This consists of a 
number of qualitative, test tube experiments, directed 
toward an understanding of the chemical nature of 
solutions of electrolytes. 

(5) Colorimetric Determination of Copper. This 
experiment illustrates the relationship between the 
color of a solution and the concentration cf the colored 
solute, in preparation for use of the colorimetric 
method in later experiments. The copper-ion con- 
centration in an unknown solution is found by the addi- 
tion of ethylenediamine to a measured sample and 
determination of how much of a known solution treated 
in the same way is required to match the color. The 
color comparison is made visually with matched test 
tubes but without an instrument. 

(6) Ammonium Sulfide Group of Qualitative Analysis. 
The analysis of this group is carried out by the conven- 
tional scheme for the separation of the cations, and on 
a semimicro scale. The emphasis is placed on chemical 
principles and semimicro technique rather than on 
the teaching of an immediately practical analytical 
method. The ammonium sulfide group is placed before 
the hydrogen sulfide group in the laboratory schedule 
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because of the greater experimental difficulties generally 
experienced by the student in the analysis of the hydro- 
gen sulfide group. 

(7) Ionization Constants of Picric Acid and Dini- 
trophenol. In order to help the student to connect 
the chemical equilibrium equation with the actual be- 
havior of a system in equilibrium, the ionization 
constants of two weak acids are measured. The acids 
are chosen so that the fraction ionized can be measured 
by a simple colorimetric procedure. 

The student first observes that the addition of a 
large excess of hydrochloric acid to picric acid destroys 
the yellow color by suppression of the ionization. 
In contrast, sodium hydroxide deve'ops the ful] color 
by salt formation. The color is obviously that of 
the anion. Then solutions containing moderate ex- 
cesses of strong acid are matched in color by alkaline 
solutions to which the required amounts of a known 
picric acid solution are added. The picrate-ion con- 
centrations of the acid solutions are thus determined 
colorimetrically. The nonionized picric acid can be 
calculated by difference and the hydronium-ion con- 
centration is set equal to the hydrochloric acid con- 
centration. The ionization constant can then be cal- 
culated. 

The ionization constant of 2,4-dinitrophenol or of 
2,6-dinitropheno] is determined similarly. Because 
these are much weaker acids than is picric acid, the 
hydrochloric acid concentration required to give the 
common-ion effect is much smaller, and the hydronium- 
ion concentration must be taken as equal to the sum 
of the hydrochloric and ionized dinitrophenol con- 
centrations. 

(8) Determination of the Ionization Constant of 
Acetic Acid by Colorimetric pH Measurements. This 
experiment introduces buffer solutions, pH, indicators, 
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and the colorimetric measurement of pH, as well as 
some new quantitative analysis methods. 

A sodium hydroxide solution is prepared and stand- 
ardized against the standard acid prepared in Experi- 
ment 2, and also against a 0.1 M potassium acid phthal- 
ate solution prepared by weighing the pure solid. 
Then an acetic acid solution is standardized against the 
sodium hydroxide solution and some of the latter is 
diJuted to 0.1 M. 

Two acetate buffers aie prepared from the acetic 
acid and 0.1 M sodium hydroxide solutions, and a 
series of phthalate buffers from the 0.1 M phthalate 
and sodium hydroxide solutions. By means of methy| 
red indicator, the acetate buffers are compared colori- 
metrically with the phthalate buffers, of which the 
pH values are known. The ionization constant of 
acetic acid can be calculated from the compositions and 
PH values of the acetate buffers. 

(9) Hydrogen Sulfide Group. This is similar to 
Experiment 6. 

(10) Solubility Product of Lead Iodide. A further 
exercise in the application of the principles of chem- 
ical equilibrium to a real system is furnished by the 
precipitation of lead iodide, when solutionsof lead nitrate 
and potassium iodide of known concentrations are 
brought together in varying proportions. By a simple 
experimental method it is found that the solubility of 
lead iodide is affected considerably by the presence 
of either lead nitrate or potassium iodide, but that in 
spite of variations in the separate ion concentrations 
the value of the solubility-product constant is ap- 
proximately the same in all trials. 

(11) Qualitative Analysis of an Alloy. A commercial 
alloy composed primarily of metals of the first three 
groups of the qualitative analysis scheme is analyzed 
for members of those three groups only. 


DIVISION OF CHEMICAL EDUCATION 


“DrrEctty or indirectly the Division of Chemical Education is making a significant contribution 


to every member of the American Chemical Society. With its dynamic and continually expanding 
program, it is exerting a positive influence on American education.” 

This statement, quoted from the Division’s 1955 Directory, makes plain the reason for the 
growth of its membership.. Support of the Division is more than enjoyment of good programs at 
national meetings. The publication of rHts JouRNAL, organization and direction of summer in- 
stitutes, the supervision of the A. C. S. cooperative examination program, and a variety of other 
activities involve the participation of hundreds of its members. Every member is on the ‘“‘mem- 
bership committee.” Treasurer W. F. Ehret, New York University, receives the one-dollar dues. 

The editors of TH1s' JouRNAL hope for the time when every name on the Division’s roll will also 
be found on THIs JoURNAL’s subscription list. They suggest that no more tangible support exists 
for belief in the importance of training more and better chemists. 
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Report of the Treasurer, September 1, 1955 


DIVISION ACCOUNT 


Receipts: 
Balance on hand 9/1/54............ 
From conversion of three Series G to 
four Series J bonds.............. 
Final interest on three Series G bonds. 
Refund from National Office for 
unused posteards................ 
Return of unused funds by Comm. 
on Teaching College Chem. (O. M. 
Dues previous year................ 


Expenditures: 
Bank charges (former treas- 


A. C. S.—New York meet- 
ing speaker and mailing 

A. C. S.—New York meet- 
ing separates.......... 

A. C. 8.—Cincinnati meet- 
ing mailing separates. . . 

A. C. §.—Cincinnati meet- 
ing separates.......... 

A. C. S.—Cincinnati meet- 
ing dinners for program 


A. C. 8.—Division’s share 
in printing uniform ap- 
plication forms......... 


Mailing directories and 

Committees 

L. L. Quill, A.A.A.S. Co- 

O. M. Smith, Teaching 

College Chemistry... . 

J. F. Baxter, Institutes 

and Conferences. ...... 


President’s office.................. 


Cash balance on hand 9/1/55.......... 


Assets distributed as follows: 


7.90 


367 . 87 
800.58 


$ 3521.98 


$_ 2876.14 


645 .84 


Checking account—“Division of Chemical Edu- 
cation, Wm. F. Ehret, Treasurer’’—First 
National Bank, Oradell, New Jersey.......... 

Four (4) U. 8. Savings Bonds, Series J, at $100 ea., 
Nos. C160832-5J. Deposited with R. V. 
Mellefont, Treas., American Chemical Society 


JOURNAL ACCOUNT 


Balance on hand 9/1/54 


Receipts: 

Chemical Education Publishing Co., 
Easton, Pennsylvania. Net trans- 
fer to JournaL fund from 1954 


Interest on bonds................. 362.50 
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Transfer of account from East Lan- 
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Purchase of eight (8) U. S. Savings Bonds, Series K, 
Cash balance on hand 9/1/55................... 


Assets distributed as follows: 
Savings account No. 2894, River Edge Savings 
and Loan Association, River Edge, New Jersey. 
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ea., Nos. M: 5560890G, 5560861G, 5560855G, 
5560856G, 5560857G, 5560858G, 5560859G, 
deposited with Robert V. Mellefont, Treas., 
Amer. Chem. Soc., 1155 16th Street, N. W., 
Four (4) U. S. Savings Bonds, Series G, $1000 
ea., Nos M: 5866176G, 5844177G, §855175G, 
5855081G (deposited with R. V. Mellefont as 
Four (4) U.S. Savings Bonds, Series G, $1000 ea., 
Nos. M: 7280064G, 7280066G, 7280067G, 
7279936G (deposited with R. V. Mellefont as 
Three (3) U.S. Savings Bonds, Series G, $1000 ea., 
Nos. M: 7438009G, 7438010G, 7437661G 
(deposited with R. V. Mellefont as above)... . 
Eight (8) U. 8S. Savings Bonds, Series K, $1000 
ea., Nos. M399072-9K (deposited with R. V. 
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Tue Seventeenth Summer Conference of the New 
England Association of Chemistry Teachers was held 
August 15-20 at Tufts University, Medford, Massa- 
chusetts, with Roland M. Whittaker, Queens College, 
Flushing, New York, and Angela M. Trovato, Exeter 
High School, Exeter, New Hampshire, as co-chairman. 
The conference was welcomed to Tufts by Paul H. 
Doleman, acting chairman, department of chemistry. 
Robert D. Eddy, Tufts University, served as secretary 
of the conference committee. Clarence D. L. Ropp, 
University of Bridgeport, Bridgeport, Connecticut, 
ably assisted by Mrs. Ropp, undertook the time-consum- 
ing and exacting duties of the registrar-treasurer. Be- 
cause of adverse publicity concerning the poliomyelitis 
epidemic in the Boston area, there were 22 cancellations, 
particularly of guests and family groups. In spite of 
this, 193 registered for the conference and enjoyed the 
excellent housing afforded at the new Carmichael Hall 
and the stimulating technical and recreational program. 

Among those registered, as would be expected, New 
Englanders outnumbered those from more distant 
regions; but there were 52 of the latter from New York, 
Pennsylvania, Maryland, California, Florida, North 
Carolina, New Jersey, Ohio, Quebec, and the District of 
Columbia. 

The following have attended all 17 Summer Confer- 
ences: 


Mr. and Mrs. Grover C. Greenwood, Bridgeport, Con- 
necticut (retired). 


SEVENTEENTH SUMMER CONFERENCE 


Mr. and Mrs. 8. Walter Hoyt, Belmont, Massachusetts 
(retired). 

Mr. Alfred R. Lincoln, Hampden College of Pharmacy, 
Willimansett, Massachusetts. 

Miss Evelyn L. Murdock, Stonington High School, 
Stonington, Connecticut. 

Miss Elsie Scott, Northfield School, Northfield, Massa- 
chusetts. 

Dr. John R. Suydam, Boston, Massachusetts (retired). 


For the first time at any summer conference, various 
sections of the American Chemical Society gave grants- 
in-aid. The Northeastern Section grants were named 
in honor of Lyman Churchill Newell, first president 
of NEACT. The following registrants were recipients: 

Maine Section. John J. Kassay, Gardiner High 
School, Gardiner, Maine; James D. 
rence High School, Fairfield, Maine. 

Northeastern Section. Nello A. Allegrezza, Milford 
High School, Milford, Massachusetts; Murray B. 
Hicks, Chelmsford High School, Chelmsford, Massa- 
chusetts; Joseph F. Walsh, Jr., Roxbury Memorial 
High School for Boys, Boston, Massachusetts; Richard 
M. Whitney, Roxbury Latin School, Boston, Massa- 
chusetts. 

Connecticut Valley Section. John J. Prymak, Farm- 
ington High School, Farmington, Connecticut. 

Western Connecticut Section. Richard M. Straw- 
cutter, Greenwich High School, Greenwich, Connecti- 
cut. 


Photo by duette, Boston, Massachusetts 
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Maryland Section. Donald M. Rankin, Baltimore 
Junior College, Baltimore, Maryland. 


The David L. Davidson award was won by John H. 
Walters, Browne and Nichols School, Cambridge, Mas- 
sachusetts. 

Tickets for the Boston Red Sox-New York Yankees 
baseball game at Fenway Park aroused surprisingly 
little interest when first announced. By the day of the 
game, however, when it looked as though this game 
might decide the championship, the committee was be- 
sieged with requests for unavailable tickets. The 
rains of “Hurricane Diane’’ began during the day but 
fortunately were miraculously interrupted long enough 
to permit a dry trip, first to the First Iron Works, 
Saugus, Massachusetts, and then to the ball game. 
The week started with fair but excessively hot wéather 
and ended with a record rain of 14 inches in one day, 
but the planned program was carried through to the 
end. At the last session Ruth Ellis, professor of chem- 
istry at Vassar College, showed colored slides and re- 
lated her experiences during two years in India where 
she established senior chemistry courses at the Women’s 
Christian College near Madras. 

Because of the increasingly depressing weather, the 
guest activities gradually reduced to individual forays 
to near-by shopping centers and impromptu — bridge 
games in the lounge. It was possible to visit Harvard, 
Massachusetts Institute of Technology, and the Boston 
Museum of Science. The historical walk in Boston 
never came to pass and the day at Crane’s Beach was 
washed out. On the contrary, attendance at the tech- 
nical talks was much better than average! The ex- 
hibits of equipment and textbooks, arranged by Thomas 
R. P. Gibb, Jr., of Tufts University, were very well 
attended. 

The evening programs included an illustrated lecture 
on “K-2, the savage mountain,” by Robert Bates of 
Phillips Exeter Academy, Exeter, New Hampshire. 
Raymond J. Spahr of Chicopee Manufacturing Corpo- 
ration discussed and showed an interesting collection 
of non-woven fabrics. Charles J. Umberger of the 
Office of the Chief Medical Examiner, City of New 
York, gave a fascinating picture of the applications of 
scientific techniques in solving mysterious deaths in the 
five New York boroughs. 

Henry E. Wendon of Tufts University and Harvard, 
exhibited a wonderful coliection of models of crystal 
structures and demonstrated how to make them. Ama- 
teur photographers took advantage of the opportunity 
to make colored photographs of these complex models. 
Stuart S. Flaschen and Morgan Sparks of Bell Tele- 
phone Laboratories discussed piezo-electric crystals 
and transitors in very lucid talks, and George E. Henry 
of General Electric Company demonstrated applications 
of ultrasonics. Charles R. Dawson and Erich Hirsch- 
berg, both professors at Columbia University, discussed 
the toxic principle of poison ivy and experimental 
cancer chemotherapy, respectively. Educational top- 
ics were presented by Samuel Madras, Sir George 


Williams College, Montreal; Laurence 8. Foster, Ord- 
nance Material Research Office, Watertown Arsenal; 
and Henry Gabriel, Sienna College. Their papers will 
appear in the REPORT in tus Journau. The effects 
of nuclear radiations and blast from atomic bombs on 
preserved foods were reported on by C. A. Greenleaf of 
the National Canners Association. Co-chairman Whit- 
taker was congratulated on his excellent program. 


ADJOURNED ANNUAL MEETING, AUGUST 16, 1955 


The adjourned annual meeting of the NEACT was 
reconvened at 10:30 a.m. by President Marco H. Scheer. 
The treasurer’s report was presented by Carroll B. 


Gustafson. An abridged statement follows: 

Expenses for the year July 1, 1954, to June 30, 1955... $2693.21 


The deficit is more than offset by the income to the 
endowment fund which will be credited to the 1954-55 
income account. 

Leallyn B. Clapp, secretary, presented the report of 
the membership committee. The final membership 
figure on June 30, 1955, was 569. The following mem- 
bers have joined since the May meeting: 


Fred W. Anderson, Chemistry Teacher, North Haven High 
School, North Haven, Connecticut. 

Frank P. Perrone, Teacher of Physics and Chemistry, Dorchester 
High School, Dorchester, Massachusetts. 

Mrs. S. W. Prentiss, Chemistry Teacher, Westover School, 
Middlebury, Connecticut. 

John J. Prymak, Head of Science Department, Farmington High 
School, Farmington, Connecticut. 

Robert W. Sullivan, Head of Chemistry Department, Lawrence 
High School, Lawrence, Massachusetts. 

Hugh Templeton, Superintendent of Science Education, New 
York State Department of Education, Albany, New York. 


The following members joined at the Seventeenth 
Summer Conference or immediately thereafter: 


Nello A. Allegrezza, Instructor, Milford High School, Milford, 
Massachusetts. 

John F, Baxter, Professor of Chemistry, University of Florida, 
Gainesville, Florida. 

Wallace J. Gleekman, Head of Science Department, Wrentham 
High School, Wrentham, Massachusetts. 

Murray B. Hicks, Science Instructor, Chelmsford High School, 
Chelmsford, Massachusetts. 

James D. Marshall, Science Department, Lawrence High School, 
Fairfield, Maine. 

John B. Martin, Science Teacher, Rutland High School, Rutland, 
Vermont. 

Stuart A. Mayper, Assistant Professor of Chemistry, Brandeis 
University, Waltham, Massachusetts. 

Dorothy Merrill, Science Teacher, Hanover High School, Han- 
over Center, Massachusetts. 

Maryalice Moore, Science Teacher, Taunton High School, Taun- 
ton, Massachusetts. 

Thomas J. Murphy, Jr., School Department Representative, 
McGraw-Hill Book Company, New York, New York. 

Charles N. Ott, Department of Chemistry, Guilford College, 
Guilford College, North Carolina. 

Merle F. Showalter, Associate Professor of Chemistry, North 
Carolina State College, Raleigh, North Carolina. 
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Paul C. Staples, Science Teacher, Templeton Junior High School, 
Baldwinsville, Massachusetts. 

Joseph F. Walsh, Jr., Chemistry Teacher, Roxbury Memorial 

High School, Roxbury, Massachusetts. 


Latin School, West Roxbury, Massachusetts. 
Harold Zallen, Science Teacher, Senior High School, Natick, 
Massachusetts. 


of the committee on revising the syllabus. Sister 
Ernestine Marie is attending a conference in Pitts- 


helpful. 

The constitutional amendments recorded in the 
minutes of the executive committee meeting of May 13, 
1955, and printed in the June issue of the NEACT 
Newsletter were approved. 

Marco H. Scheer presented honorary membership 
certificates to Dorothy W. Gifford and Ina M. Granara 
in recognition of their services to the teaching of chem- 
istry and to the Association, as recorded in citations at 
the May meeting. 

By a standing vote the Association expressed apprecia- 
tion to the co-chairmen of the Seventeenth Conference, 
Roland M. Whittaker and Angela Trovato, for their 
excellent program and arrangements. - 

Marco H. Scheer announced that the executive com- 
mittee had accepted the invitation of the University of 
New Hampshire for the Eighteenth Summer Conference 


JOURNAL OF CHEMICAL EDUCATION 


during the week of August 20, 1956. Louise O. C. Swen- 
son, English High School, Lynn, Massachusetts, has 
accepted the chairmanship of arrangements, and Clinton 


Richard M. Whitney, Head of Science Department, Roxbury S. Johnson, Rhode Island College of Pharmacy, is 


chairman of the program committee. 


The Association voted to send greetings and best 
wishes to A. J. Currier, professor emeritus at Pennsyl- 


Maurice Whitten reported some progress on the work yania State University, who was unable to attend be- 


cause of an operation. 


burgh this week and may bring back ideas that are MEETINGS SCHEDULED 


October 8, 1955, Phillips Exeter Academy, Exeter, New 
Hampshire. 

December 10, 1955, Northeastern University, Boston 
Massachusetts (joint meeting with New England 
Association of Colleges and Secondary Schools). 

February 11, 1956, Connecticut College, New London, 
Connecticut. 

April 14, 1956, St. Joseph College, West Hartford, 


Connecticut (joint meeting with the Connecticut | 


Valley Section of the American Chemical Society). 
May 12, 1956, Natick High School, Natick, Massa- 
chusetts (Annual Meeting). 
August 20-25, 1956, University of New Hampshire, 
Durham, New Hampshire (Eighteenth Summer Con- 
ference). 


B. Cuapp, Secretary 


To the Editor: 
The points so clearly expressed by Professor Ray- 
mond E. Kirk in his talk before the Sixteenth Summer 


in teaching, call our attention again to the semantic con- 
fusions that have unnecessarily plagued teaching. 


the former single ideas into several each. As Lavoisier 


idea and the idea should represent the (single) fact. 


by distinguishing signs. 


An atomic symbol, such as Na, can represert: (1) 
the substance in general, in any form; (2) the free ele- 
ment; (3) an atom of the latter; (4) the kernel of the 
last named; (5) the nucleus of the atom; and (6) a 
proportional weight, such as 23 grams or 23 pounds of 
the element, either free or in compound. 

Analogously, NaCl can represent the substance, 
the common salt, or 58.47 parts by weight of the 
latter; it is when it is interpreted as meaning a 
“molecule of NaCl” that it deviates from modern be- 
liefs and merits Kirk’s criticisms. Kirk cites Cutt 
and Cu(H,0),++ as examples of bad and good sym- 
bolism, respectively. But Cut++ represents the sub- 
stance and its oxidation state. Cu(H,O),*++ represents 


Conference of the NEACT (TH1s JourNAL, 32, 335-8 also our idea of the composition of the mobile particle 
(1955)) on inaccuracies of present chemical terminology in solution. In common practice, Cu+* includes Cu- 


(H.0),++, Cu(NHs),++, and Cu(CN),-~, unless of 
course it is understood or misunderstood as being only 


Terms formerly expressing single ideas continue to be Cu*t, 7. e.,an atom minus twoelectrons. The formula 
used after research and theoretical advances have split of an ion can represent: (1) a single particle, bearing 


the charge indicated; (2) the element in the given oxi- 


almost put it, the word should represent the (single) dation state in its compounds or as ions; (3) a propor- 


tional weight of the ion(s); and (4) the simplest hypo- 


A remedy would be to (a) classify the ideas represented thetical particle representing the composition, Hg* 
by the ambiguous formula, and (b) separate the ideas for Hg,++, for example. 


The molecular formula can 
represent the analogues of these four ideas: (1) a single 
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polyatomic particle; (2) the substance of the com- 
pound; (3) a proportional weight of the compound; 
and (4) the simplest assembly of atoms or ions having 
that same over-all composition. 

Similarly, the equation can represent several different 
ideas: (1) an elementary collision or reaction involving 
individual particles, such as Cl, + hy > Cl + Cl*, or 
HAc — H+ + Ac~; (2) a statistically significant as- 
sembly of such individual elementary reactioris, as 
HAc + H,O H;,0+ + Ac~, or H, + Cl, 2HCI, 
a particular set of cases of which is the equilibrium ? 
opposed reactions, as HAc + H,O @ + 

Ag+ + Cl- — AgCl; (3) a macro-scale process, ‘0c- 
curring in test tube or tank, wherein some weighable 
material disappears and others are formed, such as 
NaCl + H.SO,— NaHSO, + HCl ft. Of these three 
ideas, the first includes those that are thermodynami- 
cally impossible on a visible scale, such as anti-Stokes 
quantum reactions, and can occur on a micro scale only. 
The second class consists of those on the atomic or mo- 
lecular level which occur to a significant degree and can 
have an appreciable equilibrium constant. The third 
class consists of industrial or laboratory processes, or 
those occurring in nature. 

The fallacies listed by Kirk and the errors often made 
by students in answering questions like, “Complete 
and balance these equations,” are due in part to failure 
of textbook writers to distinguish among these ideas. 
May I therefore suggest to all textbook authors and 
publishers that some code of signs be adopted to sepa- 
rate the connotations? As examples of the items in such 
a code, I offer these suggestions: 

(1) Single atoms, ions, and molecules will be repre- 
sented by one kind of type, such as italic or light type. 
Another kind, e. g., boldface or Gothic, will be used for 
macroscopic samples of weights of substances. 

(2) Formulas of ionic compounds, such as sodium 
chloride, will be written with a pre-subscript + to indi- 
cate ionic binding in the crystal state and complete 
dissociation in solution. Examples: ,NaCl, CaCl, 
+(NHj,)2SO,. Such a formula will be called just that, 
not “‘molecule’”’; ‘formula weight” will replace ‘“‘molec- 
ular weight”’ for these compounds, and solution con- 
centrations will be expressed as “formula ratio,’’ “for- 
mula fraction,” and “formal” instead of ‘‘mol ratio,” 
“mol fraction,” and “molar.” Formulas without 
pre-subscript will represent covalent molecules or non- 
polar substances. 

(3) Oxidation states will be represented by simple 
symbols with superscript Arabic numerals preceded by 
sign, such as Sb*+ or Cut*?. 

(4) Actual] charges will be shown by rows of + or — 
as superscripts on the formulas we believe to represent 
the actual composition of the ionic species, such as Cu- 
or Al(OH).——— 

(5) A single arrow will represent a change on the 
microscopic scale, whether or not statisically signifi- 
cant. A single collision or elementary changé, involv- 


ing one or a very few particles, can be represented by an 
arrow in light type; a boldface arrow will indicate a 


647 


thermodynamically possible or probable reaction. 
Equilibrium will be represented by reversed arrows, =, 
in boldface; the upper arrow will show the more favored 
direction. 

(6) Equations for stoichiometric purposes and those 
representing industrial, laboratory, or visible natural 
processes will use equality signs, it being understood 
that change is from left to right, or by a combined 
equality sign and arrow, =—. 

(7) Solids will be underlined and gases will be shown 
by upward arrows to distinguish them from covalent 
solutes. A downward arrow will indicate precipitation. 

The flaws in the above suggestions should incite some 
author or publisher to device a good code of conventions 
that, even if followed only in elementary textbooks, will 
enable the student to distinguish among connotations 
and will save us from unwillingly misrepresenting na- 


ture. Asexamples of use of the code here suggested, we 
have: 

+AgCl — Agt + Cl- A single cation and a single 
anion leaving an iouic crystal. 
Ag* + Cl- .AgCl of a single cation 
eer single anion on an ionic 

pon 
Ag* + Cl- > ,AgCl Deposition of many cations 


and anions in equal numbers 
on the ionic solid. 
between 
solid and solution. 


Ag* + Cl = ,AgCl ionic 
+AgNO; + ,NaCl = 
+AgCl |'+ ,NaNO; Reaction of a given weight of 

ar nitrate with the chemi- 

weight of 
loride, forming solid 
silver chloride and leaving 
sodium nitrate in solution. 
Loss of an electron by a single 
ferrous ion, unsolvated. 
Oxidation of ferrous com- 
pound to ferric compound. 


Fet+ — Fet++ +e 
2Fet? + Cl. ~ 2Fe** + 


2Fe(H:0).** + Cl. 


2Fe(H.O),+*+*+ + 2Cl- Oxidation of ferrous ion in 


aqueous solution to ferric ion, 
both hydrated. 


SAMUEL WEINER 
UNIVERSITY OF WISCONSIN 
Mapison, WISCONSIN 


To the Editor: 

In my article which appeared on page 309 of the June, 
1955, issue of rH1s JouRNAL, I presented a classification 
of sources to be used for data searches in chemical 
libraries. 

Item (g) of Group 1, “Publications of API Project 
44,” should appear instead, es part of item (h) in Group 
3. Item (h) would then read: ‘AmmRICcAN PETRO- 
LEUM InstirutTs#, Selected Values of Physical and 
Thermodynamic Properties of Hydrocarbons and Re- 
lated Compounds (Carnegie Press), and other publica- 
tions of API Project 44.” 

In my comments on Group 2, of the several sources 
cited, it should be noted that Gmelin alone endeavors to 
make a critical selection of the better sources of data. 


R. E. 
Matureson CHEMICAL CORPORATION 
Nracara Fatus, NEw YorK 
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Film Reviews 


€ CHEMISTRY OF COMBUSTION 


Description: 16 mm., sound, 10 min. 
Producer: Institutional Cinema Service, Inc. 
Reviewer: R. T. Schenck, New York University 


Possible Utility: (1) Classroom. Not recommended. 

Film Content: “Steel, (nails, file, tongs) burned in oxy-gas 
flame. Temperature is greatly increased, confining combustion 
to a small volume.” Numerous examples, good and poor, of 
spontaneous combustion are demonstrated. ‘Combustion of 
HgSCN forms ‘Snakes’ (Pharaoh's serpents).”’ 

General Criticism and Rating: “Poor Just a collection of 
lecture demonstrations, not too coherent or well organized, 
neither explained nor explaining anything. No particular con- 
nection with the title. Factually imperfect: The dehydration 
of sugar with concentrated sulfuric acid is not combustion, nor is 
Na amalgam the result of Hg plus NaOH. For that matter, 
nothing about NI; is combustion either. And where the ‘chem- 
istry’ comes in is not apparent.” 


CHARACTERISTICS OF LIQUIDS 


Description: 16 mm., sound, 10 min. 
Producer: Brandon Films, Inc. 
Reviewer: Alan W. Searcy, Purdue University 


Possible Utility: (1) Classroom. ‘I cannot recommend it as 
an aid in teaching college freshmen or high-school students.” 
(2) Other. “This film is a very interesting one to watch and is 
sure to hold a student audience’s attention.” 

Film Content: ‘The narrator states. . .that its purpose is to 
illustrate two properties of liquids——‘surface films’ and viscosity— 
and to discuss three forms of liquids—drops, jets, and bubbles. 

“The properties of ‘surface films’ are explained with a sche- 
matic drawing of a beaker full of stationary, but pulsating mole- 
cules. The narrator states that the molecules in the bulk of the 
liquid are attracted by forces of cohesion in all directions, but 
that the molecules at the surface are attracted only in the direc- 
tion of the liquid by cohesive forces. The next four scenes il- 
lustrate the ability of surface films to support a needle, wire, 
larvae, and pupae at the surface of a liquid. 

“Three additional scenes illustrate the changes in surface ten- 
sion of water when soap or chloroform is added or when heating 
takes place. This section of the film is concluded by a demon- 
stration that the film of a soap solution supported on a wire hoop 
is strong enough to support a small wire basket. 

“The brief section that follows illustrates the effect of a vis- 
cous liquid supported on a wire produced by plucking the wire, 
heating it, or holding it near a vibrating tuning fork. The 
narrator describes what is observed to happen in terms of vis- 
cosity. 

“The section on drops begins with a view of drops falling into 
water and then of drops forming and falling. The narrator says 
that as drops form, surface tension opposes the force of gravity. 
A caption explains that a sphere has minimum surface for a 
given volume of liquid, and that spheres form because of surface 
tension. Drops of water are then shown to break into smaller 
drops upon striking a wax surface obliquely. It is then illus- 
trated that bigger drops of water form under the surface of an 
immiscible liquid than can be formed in air, and that in a suffi- 
ciently dense medium the drops rise. A bubble of oil rotated 
below the surface of a salt solution is shown to throw off smaller 
oil bubbles. The narrator tells us that this occurs when the cen- 
trifugal force overcomes the force of surface tension. 

“Jets are shown to pass each other without joining into a single 
jet when they are shot against each other at an acute angle. 


The approach of a charge of static electricity is shown to cause 
the jets to coalesce. 

“Tn the section on bubbles, the formation of a tall column of 
soap bubbles when H: is pumped into a soap solution is said by 
the narrator to illustrate adhesion. The tendency of bubbles 
to pack as hexagons and the resistance of bubbles to penetration 
by another bubble are illustrated. Bubbles are bounced to- 
gether and a smoke-filled bubble is formed inside an ordinary 
bubble. 

“The film concludes with a brief statement that the familiar 
laws of cohesion and adhesion manifest themselves in the liquid 
state.” 

General Criticism and Rating: ‘Though the demonstrations 
are entertaining and often ingenious, they are not presented in 
a way that will add much to the student’s understanding of the 
scientific principles that underlie the phenomena demonstrated. 

“There are too many demonstrations for so short a film. 
On the average each demonstration lasts about 30 seconds. 

“The interpretations of the demonstrations are superficial and 
frequently are misleading or even incorrect.” 

Suggestions for Improvement: ‘If the demonstrations were 
explained more clearly than they are now, they might be inte- 
grated into a useful film designed to illustrate the nature of 
surface tension and of cohesive and adhesive forces.” 


e CHARACTERISTICS OF SOLIDS 


Description: 16 mm., sound, 10 min. 
Producer: American Film Registry 
Reviewer: R. T. Schenck, New York University 


Possible Utility: (1) Classroom. ‘‘Might be suitable for engi- 
neering students at a very low level, but it contains absolutely 
nothing pertaining to chemistry.” 

Film Content: ‘This film is mistitled; it should be called 
‘Strength of Materials’ or something of the sort. The first 40 
seconds shows some quite adequate representations of Bohr 
models of simple atoms. The following 9-plus minutes is simply 
a series of shots “1 an engineering laboratory of tests to failure, 
in hydraulic presses and the like, of samples of wood, concrete, 
stone, and metals in compression and tension.” 

General Criticism and Rating: ‘‘The film as a whole, of course, 
can not be recommended on the basis of the 10 per cent which is 
of interest to chemists. The title should be deleted from the 
A. C.S. list at the first opportunity.” 


* PROPERTIES OF WATER 


Description: 16 mm., sound, 11 min. 
Producer: Coronet Instructional Films 


Reviewers: Frederic C. Schmidt, Indiana University 
Charles S. Rohrer, Indiana University 


Possible Utility: (1) Classroom. ‘‘Can be used when teaching 
the physical chemistry of solutions as well as in teaching the 
physical properties of liquids. We here wait until the instructor 
has discussed both liquids and solutions before showing it.” 

Film Content: ‘This film demonstrates all of the physical 
properties of water, with the exceptions of viscosity and surface 
tension.... The film really is not restricted to the teaching of 
the physical properties of water, but to all liquids. It is particu- 
larly good on the idea of solutions, showing saturation and super- 
saturation ....” 

General Criticism and Rating: “The film does an excellent 
job.... The experiments shown are well done and the explana- 
tion of the phenomena explicit.... This film... is accurate.” 
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* CHEMICAL EFFECTS OF ELECTRICITY 


Description: 16 mm., silent, 15 min. 
Producer: Encyclopedia Britannica 
Reviewer: Virginia Bartow, University of Illinois 


Possible Utility: (1) Classroom. ‘The film has been used at 
the University of Illinois for the students who are taking ele- 
mentary chemistry as a requirement in engineeriag. Careful 
annotation has been considered necessary. For secondary 
schools, a newer film would be much better.” 

Film Content: ‘This film depicts the following: representation 
of Volta with his ‘crown of glasses’ from which he produces an 
electric spark; boy with a ‘B’ battery and old-fashioned radio; 
production of the ‘B’ battery; production of a lead storage bat- 
tery; demonstration of the electrolysis of water; production of 
a storage battery by electrolysis; electroplating; electrotyping; 
electroplating bath; electrolytic operations used in refining 
blister copper and production of aluminum; production of alu- 
minum wire and its use in transmission lines.”’ 

General Criticism and Rating: ‘‘The film is accompanied by an 
explanatory pamphlet dated 1930. The subtitles are very few 
and commentary is needed. Several points in the printed ma- 
terial are out of date. Only protons and electrons are indicated 
in the structure of an atom. The animated diagram of the elec- 
trolysis of water shows the discharge of two hydrogen ions but 
does not indicate the formation of hydrogen molecules clearly. 
The oxygen is formed by the discharge of the sulfate ion which 
then removes the hydrogen from a water molecule, which leaves 
the oxygen. The electrolysis of brine would be a simpler, more 
easily explained electrolytic reaction. Some of the background 
such as the ancient radio, old equipment, and poor lighting de- 
tracts from the film. The production of aluminum is described 
as if it were made from bauxite solution.” 


cf BAKELITE PLASTICS. FILM I 


Description: 16 mm., sound, 30 min. 

Producer: Bakelite Corporation 

Reviewers: J. G. Walsh, Fordham University 
M. J. McGuinness, Jr., Fordham University 
N. H. Cantwell, Fordham University 


Possible Utility: (1) Classroom. ‘Too highly specialized for 
ordinary chemistry students and can only be of real value to cer- 
tain types of specialized chemical engineering students.” (2) 
Other. ‘‘Of interest to members of the plastic industry.” 

Film Content: ‘Describes the selection of the proper thermo- 


setting plastic mold material. It takes up in turn the various 
physical tests which a good plastic must undergo and describes 
each in detail, viz., tensile strength, impact strength, dielectric 
properties, and shock resistance. A comparison of various types 
of phenolic plastic as to application is then taken up. The 
phenoli¢ plastics are divided into six general classifications ac- 
cording to their uses: (1) shock-resistant phenolics, (2) general- 
purpose phenolics, (3) heat-resistant phenolics (various types of 
filler which are added to the first three types are discussed), (4) 
chemical-resistant phenolics, (5) electrical-resistant phenolics, 
and (6) low-loss insulation phenolics (no description of the method 
of attaining the last three is given). Included in the film is a 
great deal of advertising and description of Bakelite products.” 

General Criticism and Rating: ‘“The content of the film seems to 
be on the whole generally accurate, especially with regard to the 
general physical properties of the phenolic plastics .... There is 
...a great deal of repetition of operations carried out in finishing 
plastics and absolutely no chemical discussion of the composition 
of the plastic material. There is also too much advertising. The 
purpose of the film, namely, to act as a guide for engineers in 
selecting Bakelite products is adequately carried out.” 

Suggestions for Improvement: “The film could be greatly im- 
proved if a detailed exposition of the chemical composition of the 
phenolic plastics were included.” 


” CHEMISTRY OF FIRE 


Description: 16 mm., sound, 50 min. 
Producer: U.S. Navy 


Reviewers: Frederic C. Schmidt, Indiana University 
Charles S. Rohrer, Indiana University 


Possible Utility: (1) Classroom. ‘This film has its place in a 
terminal course in chemistry where the idea of the course is to 
make the students realize that they are living in an age which de- 
pends decidedly upon chemical phenomena.” (2) Other. ‘The 
film is all right as a safety teacher.” 

Film Content: “This film is particularly important as far as 
damage control on board ship is concerned ...*. The film has 
about 20 minutes of the chemistry of fire, showing that solids 
and liquids must be first converted to a gas before they will burn. 
The film goes on to explain this phenomenon through experiments 
on flash-point and fire-point. They use one trick to show the 
relative amounts of vapors over oil, ether, gasoline, etc., which is 
quite startling—a ‘shadow graph.’ ” 

General Criticism and Rating: ‘The first 20 minutes of it is 
good on the subject of fire and oxidation in general.... We use 
the film every semester and like it... . . 


Users of classroom films may be glad to discover that the May, 1955, issue of the Educational Re- 
search Bulletin, Ohio State University, Columbus, Ohio, contains a recently-compiled list of all types 
of source material. The contents of this information-packed pamphlet are organized under these 
titles and others: Catalogs and Other Sources of Films, Filmstrips, and Slides; Radio and Tele- 
vision; Educational Recordings; Free and Inexpensive Teaching Aids; Pamphlets; Pictures, 
Charts, and Maps; Other Audio-Visual Materials. 
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OPERACIONES BASICAS DE LA INGENIER{A 
QUIMICA 


George G. Brown and Associates, University of Michigan. 
Manuel Marin & Cia, Barcelona, 1955, xi + 629 pp. 551 figs. 
64 tables. 22 X 28cm. $14. 3 


Yo veo al joven. El joven es un estudiante. El esté estudi- 
ando ingenierfa quimica. El carga un libro grande bajo su brazo. 
éQue es el libro? Es la traduccién al espafiol de “Unit Opera- 
tions” por G. G. Brown y colegas de la Universidad de Michigan. 
“Unit Operations’’ is well known and widely used in the Eng- 
lish-speaking countries and also in other countries where students 
secure a good working knowledge of English. This translation 
into Spanish was made by eight professors in various universities 
in Spain. Not only was the text translated, but all illustrations, 
charts, tabulated data, and problems were changed into Spanish 
legends and metric units. Errors in the earlier English edition 
were corrected. 

The availability of ‘“Operaciones Basicas” will do much to stimu- 
late instruction in chemical engineering in the Spanish-speaking 
countries if proper texts and instruction can be given in the 
basic subjects of material and energy balance. 


KENNETH A. KOBE 


University or TEXAS 
Austin, TExas 


e PHYSICAL CHEMISTRY 


Farrington Daniels, Professor of Chemistry, and Robert A. 
Alberty, Associate Professor of Chemistry, University of Wis- 
consin. John Wiley & Sons, Inc., New York, 1955. viii + 671 
pp. Many figs. and tables. 16 X 24cm. $6.50. 


IN a certain sense this text originated in 1913, and it is to be 
expected that it will be considered simply as the most recent re- 
vision in the series by Getman, Daniels, and now, Alberty. 
But this text is more than a revision; as before, we note évidence 
of careful attention to detail, logical order, and a deep interest 
in the subject. Here the similarity ends. It is no more correct 
to consider this text a revision of the 1948 edition by Dr. Daniels 
than to consider that the works of Aquinas are merely a revision 
of those of St. Augustine. 

It is not feasible to cite a complete list of all the changes in the 
text; a definitive catalogue would defeat the purposes of a review. 
But we can most easily understand why this is more than a 
revision by comparison with the 1948 text. 

The order of presentation will be familiar to old friends of the 
series; there are no significant modifications. The gas laws are 
introduced in the first few pages and the student is then care- 
fully led to an understanding of AF = AF° + RT In Q. The 
remaining chapters, one-half of the text, apply this equation to 
practical and theoretical cases and discuss the special branches: 
Conductance, Ionic Equlibrium, Colloids, Quantum Theory, 
Nuclear Chemistry, and, of course, Kinetics and Photochemistry. 
The appendix is considerably smaller; some of the material 
has been incorporated into the text, and information of lesser 
importance discarded. 

The chapter on Atomic and Molecular Forces has disappeared 
and the material has been incorporated, in briefer form, here and 
there in the text. A few other sections have been transposed. 
For example, solid-gaseous equlibria have been moved to their 
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earlier position—in the same chapter with the phase rule. 
chapter titles have been changed to indicate their contents more 
accurately. 

Throughout the text there are many detailed changes, this is 
the outstanding feature. Almost every paragraph retained from 
the 1948 text has been revised. Many new paragraphs have been 
substituted and others have been added. In each instance, 


the matter discussed is clearer than before. This is indeed a text 
written for the student. To site four examples from many: 
Miller indices are no longer an enigma; the student should have 
no trouble in understanding why salt lowers the freezing point 
of water; Morse curves are used to help the student understand 
photoexcitation; here and there a few exercises in the deriva- 
tion of relations are interspersed. 

New and better illustrations have been prepared; only a 
few old ones remain. The tables and many of the graphs are 
now easier toread. The interesting historical allusions have been 
retained. Several recent references to THIS JOURNAL and to 
others have been added. 

The material is up to date; in so far as they are appropriate 
to an elementary treatment, the advances of the past seven ‘years 
have been included. A few of these are: the determination 
of molecular weight by the scattering of light, microwave spec- 
troscopy, the kinetics of enzyme catalysis, a (far too brief) 
discussion of radiation chemistry, and C4 dating. 

Many of the problems are new, and as before, they are arranged 
in graded sets with answers supplied for the first set only. Al- 
though only actual use will tell, it seems possible that the students 
will be less successful than before in their attempts to solve the 
problems by comparing them with examples in the text and ap- 
plying the example to the problem without thought. 

The new sketches, in a psuedo three-dimensional style, and the 
changed graphs, one ordinate and abcissa, with short scale 
markers to indicate distances from the origin, constitute a decided 
improvement. It is suggested that the few remaining old style 
sketches and graphs be altered in the next edition, or possibly 
in the next printing. 


JAY A. YOUNG 
Kina’s 
WILKEs-BARRE, PENNSYLVANIA 


QUANTITATIVE ANALYSIS 


Albert Frederick Daggett, Professor of Chemistry, University of 
New Hampshire, and William Buell Meldrum, Professor of 
Chemistry, Haverford College. D. C. Heath and Company, 
Boston, 1955. x + 470 pp. Figs. and tables. 16 X 24 cm. 
$5. 


Tuis text is divided into two parts; one part contains a 
general discussion of principles and techniques and the other 
includes labore ory procedures. The analytical determina- 
tions are the common, classical ones that have been successfully 
carried out by students of quantitative analysis for years. They 
include the common volumetric and gravimetric methods for 
simple systems, limestone, and brass. The part on principles 
and techniques was written with the feeling that students enter- 
ing the sophomore course in elementary quantitiative analysis 
have not had sufficient training in some of the basic concepts of 
chemistry. For this reason the authors include chapters on topics 
such as ionic theory and quantitative ionic equilibria. 
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The text is devoted almost exclusively to an elementary dis- 
cussion of gravimetric and volumetric methods of analysis. The 
volumetric methods include acid-base titrations, oxidation- 
reduction titrations, and precipitation titrations. The authors 
chose to omit discussions of instrumental methods of analysis 
with the exception of electrolytic and conductometric methods. 
Of these two methods, only the electrolytic is covered in a lab- 
oratory procedure, 7. e., the determination of copper in brass. 

In general, the presentation of theory is concise and lucid. 
The order of arrangement of chapters may be open to question. 
For example, the treatment of data immediately follows the in- 
troductory chapter of the book; thus, experimental data and 
terms are introduced which are totally foreign to the student. 
The instructor may wish to postpone this chapter until later. 

The reviewer found only a few inconsequential errors of type 
and fact. However, there are some cases in which the authors 
could be more complete or correct. One of these is the defini- 
tion of the term solution, on page 58. Another example is the 
nomenclature of compounds. Adherence to the recommendations 
of the Committee of the International Union of Chemistry would 
eliminate such names as bioxalate and bichromate and would im- 
prove such names as auricyanide, platinicyanide, and ferri- 
thiocyanate. 

At the end of each chapter of theory there are a number of 
problems with answers. A considerable number of the problems 
are not well chosen to illustrate the theory which has been 
covered. Students would profit by solutions to more problems 
illustrating theory. If the solutions to the problems in the text 
were always set apart from the body of the printed material 
they would be more effective as teaching aids. 

The authors give a concise yet readable presentation of the 
elements of quantitative analysis, which would find use in 
a one-semester course. In the opinion of the reviewer, the 
text is too limited for use in a full-year course in elementary 
quantitative analysis. Many important topics have been omitted 
or treated in a very limited fashion. Examples are buffers, 
analytical separations, overvoltage, and the effect of complex 
ions and hydrogen ions on oxidation potentials. The text does 
not discuss more recent analytical techniques; it lacks the touch 
of modern trends in analytical chemistry. 


GLENN H. BROWN 
UNIVERSITY OF CINCINNATI 
Cincinnati, 


* THE IDENTIFICATION OF ORGANIC COMPOUNDS 


Stig Veibel, Professor of Organic Chemistry, University of 
Technology, Copenhagen. Fourth edition (first English edition). 
G. E. C. Gad, Publisher, Copenhagen, 1954. xv + 346 pp. 
15 X 21.5 cm. 


VeIBEL’s book is a manual of qualitative and quantitative 
methods of identifying organic compounds which has been sifted 
from experience in teaching such a course since 1927. As in 
other European texts, in general, in comparison with current 
American texts, less direct assistance is given the student. For 
example, no systematic solubility scheme is given in so many 
words though a student might devise one from the discussion 
given on solubility of organic substances. 

Much of the emphasis on identification of functional groups is 
by color reactions, many of which are new and others of which 
have been published in Scandinavian journals not always acces- 
sible here. Some of the tests are quite new since many of the 
publication dates of references are in the 1950’s. American 
chemists will want to try these new tests for comparison with 
known methods. For example, Veibel suggests the use of the 
diazonium salt of sulfanilic acid as a color test for alcohols. 
This has not been published elsewhere (at least Veibel gives no 
reference). Veibel also includes some old methods which have 
not been popular here, for example, the Victor Meyer nitrolic 
acid tests for alcohols. 
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Both qualitative and quantitative methods are given for 
23 functional groups into which organic compounds are divided. 

Veibel himself has been active in research on quantitative 
estimation of functional groups. One of his contributions is to 
convert a functional group into a substance which can be titrated 
as an acid or base. For example, p-carboxyphenylhydrazine 
is used as a reagent for carbonyls and the product is then titrated 
as a carboxylic acid. He has applied this type of reaction to a 
number of other eases. 

There are a few illustrations of quantitative apparatus taken 
from recent publications. At the end of the book are four pages 
on concentration of reagent solutions, a five-page author index 
of references cited, and an eight-page subject index. 

The text may not make inroads into the sale of American books 
on this subject, but teachers will want to try many of Veibel’s 
suggestions. 

LEALLYN B. CLAPP 


Brown UNIVERSITY 
PRovIDENCE, RHODE IsLaAND 


* A COMPANION TO PHYSICAL AND INORGANIC 
CHEMISTRY 


R. W. Stott, formerly Senior Science Master, Rugby School. 
Longmans, Green and Co., New York, 1955. ix + 184 pp. 
Figs. and tables. 13 X 19cm. $1.75. 


Tuts book is designed to help an English secondary-school 
student prepare for university scholarship exams. It may well 
be that each teacher of beginning chemistry in this country 
should have a copy at hand to aid him in setting standards for 
his students. This reviewer would guess, however, that the 
teacher’s sense of frustration would rise faster than the stand- 
ards of his course, though it might well spur on the better students. 

The dozen or so errors of fact—water molecules exist in groups, 
hydrogen bonds are more than electrostatic, electrode potentials 
are due only to solution potentials, over-simplification of group 
valencies, a single chloride bridge in AlCl, two valence electrons 
in chromium, etc.—are unfortunate but not overwhelming. 

American students might well read this book, but mainly 
in perspective. Their own education is usually such that this 
approach seldom fits. 


J. A. CAMPBELL 
OBERLIN COLLEGE 
OBERLIN, OnIO 


* METALLURGY OF THE RARER METALS. 
NUMBER 3: MANGANESE 


A. H. Sully. Academic Press, Inc., New York, 1955. xiv + 
305 pp. 138 figs. S5Stables. 14 X 22cm. $6.50 


Tuts third volume in a new series that was begun last year 
maintains the high standards of the previous two volumes 
(TH1s JOURNAL, 31, 670 (1954)). Even though manganese is 
used in large tonnages, it is not a familiar element to most chemists 
or metallurgists, particularly as the pure metal. This up-to- 
date treatise reviews the occurrence and ores; the production of 
ferro-manganese alloys and of commercially pure manganese; 
methods of conserving manganese; physical properties of man- 
ganese; constitution and properties of binary and ternary alloys; 
and electro-depositing of manganese coatings and surface re- 
actions at high temperatures. The chemistry of manganese 
is confined mostly to reactions that are used in its reduction from 
the various ores, whereas, as is appropriate in a book on metal- 
lurgy, more than 100 pages are devoted to all the known alloy 
systems. 

In recognition of the growing realization that manganese is 
used wastefully in the iron and steel industry, considerable 
attention is given to the role it plays in steel making. As yet, 
however, no deoxidation procedure has been worked out that 
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also reduces the sulfur content of steel so effectively as does addi- 
tion of manganese. More than 14 pounds are used to produce one 
ton of steel, and most of this added manganese ends up in the 
slag. Procedures to recover it are now being intensively eval- 
uated. This is of particular importance to the United States 
which in 1952 produced only 106,000 metric tons, but imported 
2,140,000 metric tons from India, Africa, Central and South 
America, Turkey, the Philippines, and Indonesia. 

Electroplating with manganese is not a familiar art, even 
though electrowinning of manganese is common practice. Bright 
coatings can be electrodeposited from aqueous solutions onto 
steel, aluminum, copper, and zinc. While such coatings impart 


corrosion resistance because of rapid oxidation at room tempera- 
ture, they soon become covered with an unattractive, dark brown 


Manganese at room temperature is hard and brittle and cannot 
be worked readily. Alloys of electrolytic manganese with cop- 
per, on the other hand, can be worked hot and then quenched 
without damage. Similar copper alloys with additions of nickel, 
still maintaining very high manganese contents, can be forged 
and rolled. Such alloys have not as yet found commercial ap- 
plications. 

Each chapter is provided with a very complete bibliography. 
There are both a table of contents and anindex. The latter seems 
skimpy in that the alloys listed in the table of contents are 
not repeated individually in the index. Also, the word “alloys’’ 
is misplaced under manganese. It is surprising to find in a 
book published ten years after the close of the Manhattan 
Project a reference on page 121 to the nonexistant element, 
“masurium.”’ There is nearly as much known about technetium 
(atomic number 43) as about manganese! 

The aim of the series, “to provide a readable work of refer- 
ence on the background and the metallurgical, chemical and 
physical data” of several rarer metals, is being competently 
realized. These books will find acceptance in every technical 
library. 


LAURENCE S. FOSTER 
MASSACHUSETTS 


e DEGRADATION OF VINYL POLYMERS 


H. H. G. Jellinek, Senior Lecturer in Physical and Inorganic 
Chemistry, University of Adelaide, South Australia. Academic 
Press, Inc., New York, 1955. x + 329pp. 123 figs. 51 tables. 
15.5 X 23.5cm. $8.50. 


Tue forming of vinyl polymers from simple molecules is a 
more dramatic occupation than the reverse procedure of break- 
ing down these fabulously useful materials. However, the 
degradation of polymer molecules is an important problem, 
having both theoretical and practical interest for the chemist, 
physicist, and engineer. From the theoretical point of view, 
an understanding of degradation kinetics and mechanism 
improves our knowledge of the basic nature of the original 
polymer. It is of practical importance to know the limitations 
of various polymers in environments in which their use may be 
contemplated, or perhaps how ‘« alter the properties of certain 
polymers in a desirable way by applying to them the influences 
which can cause controlled degradation. Further, the recovery 
of monomer by thermal cracking of scrap polymer is said to be 
of economic importance in certain cases. 

“Degradation of Vinyl Polymers’’ begins with a review of the 
formal mathematical theories of degradation; this serves as 
background for the later treatment of the available data. The 
three principal chapters of the book then deal with degradation 
of polymers in bulk (in vacuo), in solution and under oxidative 
conditions, and under the application of mechanical and ultra- 
sonic forces. 

In few cases is there a completely developed picture of the 
degradation, and the author frequently gives clear statements of 
what remains te be done, along with suggested method - of attack 
on the problem. It is apparent that experimental \ ork in this 
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field must be designed with unusual care to yield data capable of 
significant interpretation. Helpful advice is given by the author 
for those who would undertake work of this kind. 

Historical background is well developed, and the author is 
discriminating in his selection of the most pertinent references 
for discussion in those areas where the literature is vast. Dia- 
grams of apparatus and graphical presentation of data add greatly 
to the relative ease, profit, and pleasure with which this book can 
beread. Thisreviewer was particularly pleased with the treatment 
of the question recently posed as to whether polymerization and 
degradation may, in certain cases at least, be facets of a single 
equilibrium procesa. 

Typographical errors, though frequent, are not troublesome. 


ELLINGTON M. BEAVERS 
Roum & Haas Company 
PHILADELPHIA, PENNSYLVANIA 


* MODERN PHYSICS FOR THE ENGINEER 


Edited by Louis N. Ridenour, Vice-president, International 
Telemeter Corporation. McGraw-Hill Book Co., Inc., New York, 
1954. xix+499pp. Manyfigs. 16 X 23.5cm. $7.50. 


Ir wit be unfortunate if chemists are inclined to pass this 
volume by because of its title. It was chosen by the editor 
on the assumption that today’s physics is tomorrow’s engineer- 
ing. Many chemical educators who have been looking for 
authoritative reviews of theoretical topics in the areas of physics 
most closely related to the subject matter of conventional chemis- 
try courses will be rewarded by the discovery of this volume. 
The section under the title The Laws of Nature includes par- 
ticularly interesting chapters on the solid state (Seitz), nuclear 
structure (Fowler), and elementary particles (Panofsky). The 
second section, headed Man’s Physical Environment, includes 
easy-reading chapters on astrophysics (Greenstein), geophysics 
(Griggs) and oceanography (Revelle). The chapter on semicon- 
ductor electronics (Bardeen) from the third portion of the volume, 
entitled Information and its Communication, will also be a fortu- 
nate discovery for those wanting a short, accurate survey of 
this important subject that even has captured the fancy of the 
popular press. 

Each of the 18 chapters carries a limited bibliography. The 
volume as a whole is adequately indexed. It is well illustrated 
with pertinent plates and diagrams, but relatively few tables of 
data. 


WILLIAM F. KIEFFER 
CoLuLEeGE or Wooster 
Wooster, On10 


ed DIELECTRIC BEHAVIOR AND STRUCTURE 


Charles Phelps Smyth, Professor of Chemistry, Princeton 
University. McGraw-Hill Book Co., Inc., New York, 1955. 
x + 44lpp. Figs. andtables. 17 X 24cm. $9. 


THERE is a substantial modern literature on dielectrics, but 
most of it is written by physicists for physicists. For about 25 
years, chemists have depended on Debye’s classical Baker lectures 
(1929) and on Smyth’s American Chemical Society monograph 
(1931), supplemented by occasional review papers. The new 
volume will therefore be universally welcomed by chemists, 
because it presents an up-to-date survey of the correlation be- 
tween electrical properties and molecular structure, written by 
one of the foremost research chemists in the field, who simultane- 
ously is a master of exposition. 

The book begins with two chapters on fundamental theory. 
It is naturally a matter of personal preference; this reviewer feels 
that it would have been sounder pedagogy to begin with the On- 
sager theory and then show that the Clausius-Mosotti equation 
is a special limiting case of the more general theory, rather than 
to present the material in its chronological historical sequence. 
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The theoretical introduction is followed by three chapters on ex- 
perimental results and their interpretation, for gases, liquids, 
and solids. This section includes recent work on solutions of 
electrolytes, radar-range dispersion, ferroelectrics, electrets, 
and polymers—all subjects which have been opened to research 
since 1930. Chapter VI is a compact review of measuring 
methods and includes an excellent bibliography. Chapter VII 
is a practical account of what to do with data once the meas- 
urements have been made. Chapters VIII to XIII (pp. 228- 
402) contain a systematic treatment of the relationships between 
dipole moments and molecular structure for typical examples of 
all the chemical compounds which have ever been investigated. 
The book closes with a useful chapter on electronic and atomic 
polarization. 

It is a pleasure to recommend this treatise enthusiastically to 
organic and physical chemists, from research workers to graduate 
students. Even physicists will undoubtedly find it a useful source 
of information. 

RAYMOND M. FUOSS 


UNIVERSITY 
New Haven, CoNnNECTICUT 


6 AN ADVANCED TREATISE ON PHYSICAL CHEM- 
ISTRY. VOLUME 5: MOLECULAR SPECTRA AND 
STRUCTURE. DIELECTRICS AND DIPOLE MOMENTS 


J. R. Partington, Emeritus Professor of Chemistry, University of 
London. Longmans, Green and Co., New York, 1954. x + 565 
pp. Many figs. and tables. 16 X 25.5cm. $15.50. 


Tuts volume continues the well known series. The first 
286 pages are on molecular spectra, continuing the subject of 
the preceding volume on physicochemical optics. Most. of the 
other 279 pages are on the properties of dielectrics. There are 
77 pages on the measurement of dielectric constants, 177 
pages on dipole moments, and 12 pages on hyperelectrics. The 
index has 13 pages. 

This series is generally comprehensive rather than critical. 
In the present volume, however, the:author notes that some of 
the sections on molecular spectra are based on lectures given over 
a period of years, and that he has firsthand knowledge of certain 
subjects in the latter part of the volume. A more unified and 
critical treatment and a more selective citation of references 
make these sections more valuable than most in this series. 

This volume refers freely to previous ones in the series. Al- 
though such references prevent this volume from standing by 
itself, it is easier to read, for the discussion is not encumbered 
with details of physics and chemistry that many readers will 
not need. Mathematics, however, is discussed at the place where 
it is first used. In this volume, there are rather extended paren- 
thetical sections on the integrals and functions associated with 
the wave equation, on matrix transformations, and on group 
theory. 

The treatment leads up to, but does not usually include, the 
topics of current research interest. Even when current topics 
are included, the viewpoint is that of years or decades ago, with 
more recent ideas presented as modifications. 

There are many loose statements and minor errors in some sec- 
tions. For example, on page 34, “The average restoring force 
1/ka may be regarded as measuring the strength of the bond. 
Some values calculated are: ....” The table following gives 
the wave number for the bond and k, but not '/2kzr. Also, 
the units of k are given in the table as dynes, which would be 
correct for !/2kx and those of !/2ka (a is the maximum value of x) 
further on in the text as ergs. (Units are treated carelessly 
throughout. The volt is used interchangeably, without apology 
or explanation, as a unit either of energy or of potential, as has been 
the practice in laboratory jargon. Wave number and frequency 
are distinguished in the symbols, but not always in the text.) 
On page 35, r in the first equation is not the r of the referenced 
figure, whereas r in the next line of the same equation‘is. 

Symbols and terminology are not consistent throughout the 
book, but apparently depend on the usage of the authors cited. 


For example, the dielectric constant is represented by K in an 
equation on page 39 with a reference to a later section (page 368) 
in which the same equation is discussed in detail, but using « in- 
stead. There is no list of symbols. The omission is defended 
by the following statement: “...since the symbols are those 
used by specialists, a list of symbols would serve no useful 
purpose, the same symbols being used with different meanings 
by actual workers in the different fields.”’” Such defects as these 
are not serious and will not delay a mature reader, but they are 
liable to delay a student. 

This book, like others of the series, seems most useful to those 
who seek a comprehensive presentation of physical chemistry 
from which they can make their own selection. It should also 
be useful to students who are already acquainted with the sub- 
ject and who wish to explore its background further. 


CARSTEN STEFFENS 
Sranrorp ReseaRcH INSTITUTE 
STANFORD, CALIFORNIA 


e EXPERIMENTS IN ORGANIC CHEMISTRY 


Louis F. Fieser, Sheldon Emery Professor of Organic Chemistry, 
Harvard University. Third edition. D.C. Heath and Company, 
Boston, 1955. xii + 368pp. Many figs. andtables. 18 x 23.5 


From inside the front cover which in bold type tells you what 
to do “in case of accidents,”’ to inside the back cover which con- 
tains tables of atomic weights, acid and base constants, and 
data on buffer solutions, this laboratory text is ‘top-notch.’ 
Previous editions have enjoyed wide popularity among academic 
organic chemists. In the opinion of the reviewer the third edition 
will be even more widely popular. The text is profusely illus- 
trated with photographs, line drawings, and graphs. Sixteen 
color photographs showing various pieces of apparatus and vari- 
ous operations are included in the first eight pages following the 
table of contents. Most of these are reproduced in black and 
white at the appropriate point in the text. Thereare also numer- 
ous plates showing ultraviolet and infrared absorption spectra 
ot various compounds. 

The format of the text is, in the opinion of the reviewer, the 
best of any similar book on the market and is far superior to the 
previous edition. The type is relatively large and bold with 
adequate spacing to facilitate reading. The margins are two 
inches wide. Section headings and succinct notes are shown in 
bold-face type in the margins. The paper is of a good quality 
and the binding is very good. Dr. Fieser suggests that the at- 
tractive cover can be preserved if treated with three coats of clear 
plastic lacquer. 

This edition maintains the high standards set by previous 
editions with regard to the experiments included and the dis- 
cussion of special laboratory techniques. A section on use 
of the literature discusses recently published references such as 
“Elsevier’s Encyclopedia of Organic Chemistry” and Velluz’s 
“Substances Naturelles de Synthise.’’ There are also sections 
on solvents and reagents, of which the section on reagents 
deserves special commendation. The 320 reagents included are 
arranged alphabetically and are also indexed according to type— 
e. g., alkylating agents, complexing agents, etc. The list neces- 
sarily could not be complete but does contain many reagents - 
which have found application in only one specialized field. 
The citation usually includes the molecular weight, physical con- 
stants, name of supplier or reference to a method of preparation 
when the reagent is not commercially available, and leading ref- 
erences to literature pertaining to reactions and uses of the re- 
agent. There are many literature references, more thax 200 
as recent as 1953. 

Not all experiments in the previous edition have been retained. 
Those which have been retained have been extensively revised. 
Several meritorious modifications are: many semimacro or 
semimicro experiments; more synthetic reactions sequences with 
alternative routes and procedures, which permits the student to 


cm. $5.25. 


use more initative; more unknowns and experimental problems. 
New experiments included in this edition include those on elution 
and paper-strip chromatography, enzymatic and spontaneous 
resolution, formation of geometrical isomers, and cost calculations. 

In this reviewer’s opinion, the text will serve admirably for the 
undergraduate organic chemistry laboratory. It may be used 
also as a constant source of help for graduate students in re- 
search. 

The Instructor’s Manual (23 pp., available for 40¢) will 
prove especially helpful in planning organic laboratory work as 
it has a rather complete list of chemicals needed, suppliers, and 
up-to-date prices. Also included are many helpful suggestions 
with regard to the experiments included in the text. 


WILLIAM B. COOK 
Baytor UNIVERSITY 
Waco, Texas 


* CHEMISTRY OF THE PESTICIDES 


Donald E. H. Frear, Professor of Agricultural and Biological 
Chemistry, Pennsylvania State University. Third edition. D. 
Van Nostrand Co., Inc., New York, 1955. vi + 469 pp. 32 
figs. i9 tables. 16 X 23cm. $8. 


Tue first edition of this well known and valuable text and 
reference book appeared in 1942, with 300 pages; the second 
edition was published in 1948, with 417 pages; this third edition 
has 469 pages despite the deletion of detailed analytical pro- 
cedures for insecticides and fungicides (which occupied 68 pages 
in the first edition and 73 pages in the second edition). This 
necessary increase in pagination reflects very well the growth and 
recognition accorded this field of endeavor. 

In general, this third edition represents an extensive revision 
of the second edition, with the inclusion of many new insecticides, 
fungicides, herbicides, and, for the first time, rodenticides of 
current interest. The seven parts of the book are: I, Synthetic 
Organic Insecticides (138 pp.); II, Natural Organic Insecticides 
(94 pp.); III, Inorganic Insecticides (45 pp.); IV, Fungicides 
(79 pp.); V, Herbicides (36 pp.); VI, Adjuvants (24 pp.); and 
VII, Rodenticides (15 pp.). 

This book will be even more valuable than its predecessors 
as an authoritative, surprisingly complete compendium of 
information on origin, general chemistry, properties, methods of 
preparation, featured applications, and some pertinent chemical 
reactions of the four major classes of pesticides. 

As with the previous editions, Dr. Frear has written this book 
with skill and certainty. The index is commendably complete, 
and very few ‘vpographical errors are apparent. There’may be 
some confusion among readers not familiar with organic chemistry 
as to which of the structural formulas containing carbocyclic 
rings are aromatic and which are saturated for many of the com- 
pounds represented. 

“Chemistry of the Pesticides’’ is highly recommended for the 
teacher and student interested in pesticides, and for the research 
worker looking for a convenient and very complete catalogue of 
basic facts about all currently important pesticidal chemicals. 


F. A. GUNTHER 
UNIVERSITY OF CALIFORNIA 
Riversipe, CALIFORNIA 


e DESIGN AND ANALYSIS OF INDUSTRIAL EXPERI- 
MENTS 
Edited by Owen L. Davies. Hafner Publishing Company, New 


York, 1954. xiii + 636 pp. l6tables. 16 X 25cm. $10. 


Tuts book, which is the joint work of George E. P. Box, 
Lewis R. Connor, Wilfred R. Cousins, Owen L. Davies, Francis 
R. Himsworth, and George P. Sillitto, marks an important mile- 
stone in the application of statistics to the physical sciences. 
With a single exception, noted below, the field of statistical design 
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is extremely well covered. But the principal value of the book 
lies in its particularly appropriate method and plan of presenia- 
tion and in its lucid style. The reader soon feels that an at- 
tempt is made to help him solve his problems, rather than to 
force upon him artificial problems for which statistical solutions 
happen to exist. 

The introductory first chapter is followed by one entitled 
The Planning of Simple Comparative Experiments, which is an 
excellent, though brief, exposition of the main principles under- 
lying the statistical method. Chapter 3, entitled Sequential 
Tests of Significance, while interesting and important, can be 
omitted in a first study of the subject. Beginning with Chapter 
4, the reader is gradually led into experimental designs of in- 
creasing complexity. Randomized blocks, Latin square designs, 
incomplete block designs, and factorial as well as fractional fac- 
torial experiments are discussed in great detail and illustrated by 
means of numerical examples. In the factorial designs a clear 
distinction is made between qualitative and quantitative factors, 
and a much neglected subject, the use of regression methods in 
combination with analysis of variance, is adequately treated, 
The last chapter deals with a recent contribution to statistics, 
the sequential method developed by Box and his co-workers for 
the determination of optimum conditions, the most important 
application of which is the search for maximum yield conditions 
in chemical manufacturing processes. 

This reviewer has only one major complaint in connection with 
this excellent book: the omission of an adequate discussion of 
partially balanced incomplete block designs. Indeed, experi- 
ments in the physical sciences are often characterized by relatively 
smal] random errors but large systematic errors. Therefore, a 
small number of replications is generally sufficient, and the 
presence of several levels of precision is not objectionable as 
long as the comparison of lowest precision is still satisfactory. 

This book is highly recommended to experimental workers in 
the physical sciences. 


JOHN MANDEL 
NATIONAL BUREAU OF STANDARDS 
Wasuinerton, D. C. 


BASIC LUBRICATION PRACTICE 


Allen F. Brewer. Reinhold Publishing Corp., New York, 1955. 
xiv + 286 pp. Many figs. and tables. 15.5 X 23.5cm. $6.75. 


AFTER an opening chapter on how operating conditions affect 
lubrication and a second chapter on the significance of physical 
tests of lubricants, the book devotes 19 chapters to mechanical 
and design features of machinery and its parts for successful 
lubrication. Final chapters are on storage, reconditioning used 
oils, and nonpetroleum lubricants. 


* ALUMINUM PAINT AND POWDER 


Junius David Edwards and Robert I. Wray. Third edition. 
Reinhold Publishing Corp., New York, 1955. viii + 219 pp. 
76 figs. 2ltables. 23.5cm. $4.50. 


How aluminum powder is made and its use in metallurgy, 
plastics, and other industries. Aluminum paints are of various 
types and have both general and specific applications to wood and 
metals. 


e FABRICATED MATERIALS AND PARTS 


Theodore C. DuMond. Reinhold Publishing Corp., New York, 
1955. v +322 pp. 117 figs. 19 tables. 15 22cm. $6.50. 


Some production methods for producing small parts are dis- 
cussed—e. g., castings, forgings, extrusion, powder metal parts, 
spinning, electroforming, bonded, molded plastics, and formed, 
nonmetallic materials. Cost, production, and design factors 
are discussed. 
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Experiments and problems for college 
chemistry. Fifth edition. J. E. 
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stances. M. S. KHarascu anp OrtTo 

Guide for safety in the chemical laboratory. 
Tue GenerAL Sarety CoMMITTEE OF 
THE MANUFACTURING CHEMISTS’ 
ASSOCIATION 


Harvey lectures, The, 1953-54. 
Fromaaceot, Hans H. Weser, Davip 
NACHMANSOHN,: Paut KLEMPERER, 
D. Horcuxiss, Britton 
Cuance, ALBERT L. LEHNINGER, Linus 
AND James D. Harpy 

History of the sciences, a: Main currents 
of scientific thought. S.F.Mason.... 
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Operractones bfsicas de la ingenieria 
quimica. Grorce G. BRowN AND 


Optical properties of organic connionnie, 
The. Second edition. ALEXANDER 


496 


340 


Organic chemistry. Second edition. I. L. 
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of superfluid helium. Fritz Lonpon.. 
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Introduction to. I. 


Theory of error, Introduction to the. 
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Vol. XI: Soil, organic constituents of, 
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CaNTAROW, ABRAHAM, AND BERNARD 
Scuepartz. Biochemistry 

CarMAN, Harry J.—See SEvVERINGHAUS, 
Aura E. 

Cass, Sir Joun—See Tuorne, P. C. L. 
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1. Forwarding Address. Papers intended for publication in 
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Wiiuram F. Krerrer, Editor, College of Wooster, Wooster, 
Ohio. 
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cate copies (the original and a carbon) are submitted. Typing 
of both text and references should be double-spaced, with 2-3 cm. 
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and business or institutional address of the author. If the paper 
has been presented at a meeting, a footnote giving name of the 
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possible. 

Galley proof of each article will be submitted to the author. 
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to the Editor’s Office. Page proof will not be submitted. 

3. References and Footnotes. In historical and biographical 
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In articles of the scientific review type each reference to the 
literature should be designated by a number, in italics (indicated 
in a typescript by a single underline) and enclosed in parentheses, 
corresponding in size with the body of the text and set in the line 
of reading matter. All the references are to be assembled, ar- 
ranged numerically, and placed at the end of the article under the 
heading, Literature Cited. The numbers in parentheses are to 
be placed flush with the margin and if the reference exceeds one 
line, the succeeding line or lines should be indented. The lists of 
references should be typed, double-spaced. 

~ When specific citations of previous literature are not made 
but when it seems desirable to append a general bibliography, 
it is preferable that arrangement be made alphabetically on ” 
basis of authors’ or senior authors’ names. 

A refercnce to a periodical should include, in the order rn 
(1) author’s name, (2) name of periodical (use of standard 
abbreviations designated in the ‘List of Periodicals Abstracted 
by Chemical Abstracts’’), (3) volume number, (4) page (give exact 
page number at which the point cited is to be found, or if the 
entire article is the reference, give the page numbers inclusive), 
and (5) date of publication. — 
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pages (give exact page number at which the point cited is to be 
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‘that they will be clearly legible in the cut. 


References to explanatory notes such as (1) occasion on which 
paper was delivered, (2) acknowledgments, (3) definitions of ob- 
scure or unfamiliar terms, (4) changes in address, etc., are to 
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4. Illustrations. Not all articles lend themselves to illustra- 
tion, but articles which do should be accompanied by as many 
pertinent illustrations as possible. The best possible selection 
of illustrations available will be made by the editorial staff. 
As a rule, apparatus, particularly if complicated, is best presented 
by means of line or working drawings. Photographs are some- 
times sufficient, however. When both can be obtained, it is 
generally desirable to include both with the manuscript. Unless 
lettering can be done by one of the mechanical devices it should 
be in pencil only. 

Photographs should have a gloss finish and should be at least 
post-card size—larger, if possible. Only prints which are un- 
blurred and which show sharp contrast between light and dark 
areas can be satisfactorily reproduced. Authors should exercise 
scrupulous care in crediting photographs which require credit. 

Line drawings should be carefully prepared in black India ink 
on plain white drawing paper, blue tracing cloth, or blue-lined 
coordinate paper twice or three times the size desired in the 
printed cut; it is convenient, when permitted by the scale re- 
quired, to have them the size of the manuscript. 

For graphs coordinate paper should be printed in blue only, 
with the important coordinate lines ruled over in black; the black- 
ruled square should in general not bedess than ten millimeters on 
a side; the lines of the curves should be the heaviest, except 
the frame; points on the curves should be indicated by true 
circles, not crosses. All lines, legends, numbers, and letters 
which cannot be set in type at the margin of the cut but must 
constitute a portion of the cut itself are to be so proportioned 
The numbering of the 
coordinate axes, the number of the figure, and any necessary 
explanations of the figure should be printed in pencil in the 
margin of the sheet, as they are usually set up in type rather than 
reproduced from the drawing. Typewritten designations are not 
black enough to reproduce satisfactorily. Where lettering can- 
not be done adequately, designations left in pencil can be taken 
care of in the editorial office. 

Tables should be inserted in the body of the manuscript at the 
proper place. 

All photographs, line drawings, and tables should be provided 
with self-explanatory titles or legends. Each illustration should 
be marked in pencil on the margin with the name of the author 
and the title of the article to which it refers. 

Authors are invited to examine the series of articles by E. M. 
Hoshall entitled “Chemical Drawing” [“‘I. Fundamentals of chemi- 
cal drawing,” J. Comm. Epvc., 11, 21-3 (1934); “II. Conven- 
tional representation of materials and equipment,” ibid., 11, 
23-7 (1934); “III. Arrangement of drawings,’ ibid., 11, 
154-8 (1934); “IV. Charts, graphs, and diagrams,” ibid., 11, 
235-41 (1934); “V. Photographs,” ibid., 11, 546-50 (1934).]. 

5. Reprints. A reprint price list is printed on the reverse side 
of the order slip which accompanies galley proofs. Special rates 
for reprints in 6” X 9” page-size may be had upon application to 
the Business Manager, Mack Printing Co., 20th and Northamp- 
ton Sts., Easton, Pa. 
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Out-of the 


NEW APPARATUS & EQUIPMENT 


» Ledoux & Company, 359 Alfred Ave., 
Teaneck, New Jersey, announces that, 
after extensive testing, its new Hydrogen- 
Determinator is commercially available. 

The increasing demand for the deter- 
mination of hydrogen in metals and alloys 
—particularly in titanium and its alloys 
has resulted in a desire for faster, easier 
methods of laboratory analysis, of absorb- 
ing considerable hydrogen. 


The new MHydrogen-Determinator— 
based on the combustion technique— 
reduces the time per determination to 20 
minutes in a wide variety of metals, 
including titanium, zirconium, cerium, 
tantalum, niobium, molybdenum, tung- 
sten, nickel, cobalt and their alloys. 
It determines hydrogen in concentrations 
as low as 0.003% and as high as those 
occurring in metal hydrides. 


>» A Guarded Predictability Flowmeter, - 


designed especially to withstand the 
shocks of hard laboratory and industrial 
use, has recently been introduced by the 
Emil Greiner Co., 20-26 N. Moore St., 
New York 13, N. Y. 


> The Electrostatic Voltmeter developed 
by the Institute of Textile Technology 
is now being manufactured by Custom 
Scientific Instruments, Inc., Kearny, 
New Jersey. The Voltmeter was designed 
to detect and measure electrostatic 
charges on textile materials during proc- 
essing. Other industries other than tex- 
tiles with static problems will find this 
instrument extremely useful. This unit 
is portable and may be aimed like a 
gun. It is extremely sensitive, with 
provisions made to permit reduction of 
sensitivity to one-tenth or one one-hun- 
dredth. The Electrostatic Voltmeter will 
quickly locate a charged area; give an 
indication of the amount of electrical 
charge on moving or stationary equipment 
or materials; and determine the polarity 
of the charge. 


> The development of the new model 
#52LC 4'/-in. X 10-in. Laboratory 
Size High Speed Three Roll Mill has been 
recently announced by Charles Ross & 
Son Co., Inc., 148-156 Classon Ave., 
Brooklyn, New York. 
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The new #52LC 4'/.-in. X 10-in. Mill 
may be operated as a conventional Mill 
with fixed center roll and four-point ad- 
justment or can be operated with floating 
center roll and two-point adjustment. 
When differences in pressure between feed 
and takeoff roils are desired, the center 
roll is fixed position. When equalized 
pressres are preferred, the Mill can be 
converted within minutes to a self-aligning 
or floating center roll. To convert from 
one type of operation to the other can be 
done easily, by any operator, without 
the use of special tools or kits. 


p> A new automatic pipet rinser made 
completely .from polyethylene is now 
available. This rinser is so designed that 
it will fill and drain in less than two 
minutes. The inlet is serrated to hold a 
flexible tube securely; the outlet is fitted 
with a standard */,-in. pipe female ell 
so that a permanent drain connection is 
possible, or it may be fitted with a piece 
of flexible hose. 

This rinser is designed for use with the 
Nalgene polyethylene pipet holder. Fur- 
ther information may be obtained by 
writing to Emanuel Goldberg, The Nalge 
Co., Inc., Rochester 2, New York. 


> The new Special Purpose C.R.C. Lab- 
washer is now available. It has been 
designed to solve specialized problems 
of washing, rinsing, and drying various 
types, sizes, and shapes of laboratory 
glassware. By the use of a simple water 
selector switch any cycle you need or 
wish to repeat is immediately available. 
The Special Purpose Model is a flexible 
machine which is adaptable to any par- 
ticular requirements. 


TYGON 


flexible 
plastic 


aids process control 


TUBING 


The glass-like clarity of Tygon 


Tubing permits instant visual 
inspection, hence more accurate 
flow control. Purity of solution 

is safely maintained because 
Tygon is chemically inert, non- 
toxic and non-contaminating. 
It’s easy to handle, too. Flexible 

but tough, it won’t kink or col- 
lapse. 

Tygon Flexible Plastic Tubing 
is the logical choice for every 
laboratory application. Required 
sizes are stocked by laboratory 
supply houses everywhere. 
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PRE-TEST Your 


Production Blending | 


In The Lab 


Unique design of p-k twin 
shell blenders allows exact 
scale-up of lab tests 
to production runs 


Here’s the one piece of blending equip- 
ment that has everything: a mixing action 
that blends most materials perfectly in 
3 to 5 minutes. . . large access openings 
and smooth baffie-free interiors for fast 
and easy charging, discharging and clean- 
ing . . . interchangeable shells and acces- 
sories that give exceptional versatility . .. 
and ... a unique, patented design that 
provides identical mixing results in all 
sizes, from one pint lab models up to 500 
cu. ft. production units. 

p- twin shell lab blenders are used for 
small production runs as well as research 
in hundreds of plants. Priced low and 
available from stock. Dust-tight, corrosion 
and abrasion-resistant Lucite shells are 
standard. Also available in stainless steel. 
Lightweight cast aluminum base has 
sturdy grey crackle finish, adjusts for 4 
and 8 quart shells and yokes. G.E. motor 
is 1/20 HP, single phase, 115 volts, 60 
cycle, AC. Chain guard furnished. 


Yoke Model holds 
two 1-quart or 1- 
pint shells, or one 
of each, or one 
2-quart shell with 
either, or adapts 
into a standard 4 
or 8 quart blender. 
Handles two jobs at 
once. 


gives particularly in- 
tense local mixing 
action, 

Gispersing liq- 
vids into solid mixes. 


Write for pc catalog 13. The Patterson-Kelley 


Co., Inc., 2620 Lackawanna Avenve, East . 


Stroudsburg, Pa. 


PATTERSON-KELLEY 


Offices: New York, Chicago, Philadelphia, 
; Boston and other principal cities 


talk “SPECIAL SIZES” 


The size and depth of sinks for laboratory and industrial use should 
be determined by the job they have to do — and not by available 
standard sizes! 

With Alberene Stone sinks you can specify any size and depth — 
without paying a premium. 

And with Alberene Stone you get — the natural silicate stone with 
the surface that goes all the way thru. Its all-silicate mineral com- 
ponents resist chemical attack. Low absorbency makes it essentially 
nonstaining. Discolorations can be removed by scouring or honing 
without harm to the surface. 

For information and technical assistance, address: Alberene Stone 
Corporation, 419 Fourth Avenue, New York 16, N. Y. 


provides LOW ABSORBENCY protection 
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Bulletin L-A-12 containing full details 
is available by writing on company letter- 
head to The Chemical Rubber Co., 
2310 Superior Ave., Cleveland 14, Ohio. 


» For the first time, a small, low-priced 
electric hygrometer humidity controller 
known as the Humistat, is available. The 
Humistat (patent pending), so-named 
because it is the electronic successor to 
mechanical humidistats, automatically op- 
erates large or small humidifiers, dehumidi- 
fiers, and air conditioners to maintain 
humidity control within plus/minus 1.25% 
relative humidity. The Humistat is 
said to be so sensitive that the moisture 
from a person’s hand will operate it. 
Descriptive Bulletin 2273 is available 
from the manufacturer, American Instru- 
ment Company, Inc., Silver Spring, 
Maryland. 


pA new air dryer, originally developed 
for use with a precision infrared spectro- 
photometer, is now available from Beck- 
man Instruments, Inc., Fullerton, Cali- 
fornia. 


» Applicable to all open-type liquid con- 
tainers and operating in any electrically 
conductive liquid, Blue M’s new Portable 
Electronic Liquid Leveler automatically 
maintains liquid level of bath mediums 
within a level constancy of plus/minus 
0.046 inches. It is manufactured by 
Blue M Electric Co., 138th & Chatham 
Sts., Blue Island, Illinois. 


» A close-coupled, portable electric motor 
and pump unit with dry suction lift of 
approximately 15 feet, 
Model 4720, is now available. The unit 
consists of a stainless steel (Type 316) 
self-priming pump mounted directly on 
the shaft of a '/,-hp., 1725-r.p.m. electric 
motor. It utilizes the neoprene impeller 
with 1/:-in. inlet and outlet ports designed 
to accommodate standard piping. Write 
Jabsco Pump Co., 2031 N. Lincoln S8t., 
Burbank, California, for Bulletin 4720. 


> The Fiske Cryoscope is designed to 
measure freezing points to 0.001° C., on 
samples down to 0.2 ml. Time: one 
rh Range is variable from +20° to 
—30° C. 

Full details may be had from Advanced 
Instruments, Inc., Needham 92, Massa- 
chusetts. 


> Bowen Engineering, Inc., North Branch, 
New Jersey, announces a new spray dryer, 
compactly designed for laboratory and 


small-lot production work. This new - 


dryer, which has a greater drying capacity 
than the popular Bowen Table Model 
Spray Dryer, features a conical bottom 
drying chamber. The dryer also offers 
a choice of either nozzle atomization or 
centrifugal atomization or both. 


>» Now, Fisher Scientific Co., 717 Forbes 
St., Pittsburgh, 19, Pennsylvania, an- 
nounces a major development in its line 
of 42 different clamps and_ holders: 
the jaws are hot-dipped in a tough vinyl 
plastisol. This coating replaces the rub- 
ber “sleeves’’ formerly used, and becomes 
a permanent and integral part of the clamp 
with exceptional gripping surface, better 
heat resistance, and superior aging quali- 
ties. 


designated as 


p> Viewlex, Inc., 35-01 Queens Blvd., 
L.I.C., New York, introduces the new 
Project-O-Matic, 300 watt, motor fan 
cooled, automatic 2 X 2 Bantam slide 
projector. It is a beautifully designed, 
modern projector, all self-contained, with 
a built-in automatic slide changer and a 
slip-on aircraft luggage-type case. 


p Automatic Projection Corp., 282 
Seventh Ave., New York, N. Y. has de- 
veloped a new model filmstrip and slide 
projector, the 500-watt Soundview “PhD” 
which is said to be the easiest operating, 
most positive, and quickest manual film 
advance mechanism in projector history. 
Another feature of great appeal to teachers 
is the ease and speed with which the film- 
strip can be reviewed. The “‘perfect- 
framing’”’ cam-lock can be released with a 
flick of the finger and the film “spun- 
back” to whatever picture is desired for 
review or study. 


> The Swedish - crafted Nife Optical 
Pointer PF-4, designed for teaching and 
lecturing, is especially useful in conjunc- 
tion with the use of slides or slide films. 
This new lightweight instrument will 
project a sharp image to a distance of 
98 feet. Available from Nife, Inc., 
Copiague, L.I., New York. 


p> A newline of synthetic calcium silicates, 
called ‘Micro-Cel,” has just been an 
nounced by the Celite Division of Johns- 
Manville, 22 E. 40th, St., New York 16, 
N. Y. Produced by the chemical com- 
bination of lime and diatomaceous silica, 
Micro-Cel is a powder available in specific 
grades which offer wide range of physical 
properties. 

According to Johns-Manville Research, 
where these synthetic calcium silicates 
were developed, Micro-Cel provides a 
combination of properties which may hold 
the key to lower costs and improved prod- 


KEWAUNEE 
AIRFLOW 
FUME HOODS 


down. 
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SAFETY frst... plus ECONOMY! 


e Scientifically designed for maximum pro- 
tection of personnel working with radioactive 
or toxic materials. 

e Aerodynamically efficient design permits sub- 
stantially lower face velocities—% to % less 
than conventional hoods. 

e Constant volume exhaust with sash up or 


e Savings of $100 to $800 per year per hood 
on heating and air conditioning costs. 


WANT PROOF? Write —today —for free copy of 
new 24-page hoo “Airflow Control Fume Hoods”. 
Gives characteristics, applications, specifications. 


Mfg. Co. 


J. A. Campbell, President 


5014 Center St., Adrian, Mich. 
REPRESENTATIVES IN PRINCIPAL CITIES 
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PRECISION 
Scientific 
Equipment 


Reason Precision labora- 
tory equipment has earned a justly 
deserved reputation over the years 
for quality in research laboratories 
all over the country. 


Reason 2~—Precision has an 
ever increasingly wide range of 
stock on hand for immediate de- 
livery to you. 


1500 More Reasons 


—Precision is the only manufac- 
turer of a complete line of research 
laboratory equipment. Some 1500 
items are quality-made by Preci- 
sion for accuracy and dependability 
in the laboratory. Precision equip- 
ment includes: 


Kjeldahl Equipment 
Standard models and 
custom set-ups for every 
distillation and digestion 
need. Kjeldahl Extraction 
Rack illustrated. 


Laboratory Utilities 


A complete line of 
“tools’’ and accessories 
for the laboratory. Sero- 
Utility Bath, at right, can 
be used as either a sero- 
logical or utility bath. 


Water Stilis 


For processing or lab- 
oratory use. Recom- 
mended for use even with 
the hardest raw water. 
Electric, gas or steam 
heated. Automatically 
controlled. 


Flash Point 
Testers 

Cleveland type shown, 
Meets applicable 
A.S.T.M. and A.A.F. 
specifications. 


For complete catalogs on any of the above 
equipment, write: 


Precis ision Scientific Company 


3731 w. CORTLAND STREET 
CHICAGO 47, ILLINOIS 


PRECISION 


PRECISION BORE 
STIRRERS 


with interchangeable parts 


Manufactured in a variety of styles to meet every lab- 
oratory need, Wilmad Precision Bore Stirrers are the 
ultimate in glassware craftsmanship. Rods and bear- 
ings fit to a closer tolerance than was ever believed 
possible. All stirrers, bearings, rods and blades are 
interchangeable and we stock them in a complete line 
of Standard Taper and Spherical Joints for all sizes of 
flasks. 


WILMAD PRECISION BORE TUBING 


Available in Pyrex Brand Glass, Vycor and most of 
the electronic glasses, Wilmad Precision Bore Tubing 
is manufactured in various shapes and sizes .. . 
square, rectangular and tapered. Unbelievably accu- 
rate and uniform, this tubing can be supplied with 
LD. tolerance down to + .0002”. O.D. can be 
ground to your specifications. A rigid 100% inspec- 
tion of all our products eliminates rejects before they 


reach you. 
WILMAD CAPILLARY TUBING 
Send for this 
informative (Hair Tubing) 
ry : Characteristic Wilmad precision maintains constant uni- 


formity in our capillary tubing. Available in a range 
down to 0.4 mm I.D. and 13%, mm O.D., this 
tubing reflects the craftsmanship which typifies 
every Wilmad product. This capillary tubing is 
particularly suitable for a multitude of uses in 
the pharmaceutical and biological fields such 
as: for blood coagulating and clot retraction 
time studies; micro dropper; sediment trans- 
fers to micro slides; hemoglobin drop test; re- 
moving supernatant fluids from centrifugal 
specimens, etc. 


SPECIALISTS IN RESEARCH LABORATORY GLASSWARE 
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ucts in many process formulations. 


p Precision Scientific Co., 3737 W. Cort- 
land St., Chicago 47, [Hllinois, has re- 
designed the Senior Model Ionograph, 
an analytical instrument utilizing electro- 
migration of ions on wet filter paper in 
simple fractionations, mobility determi- 
nations, and reaction site studies, 


p A new-type refrigerator that will main- 
tain lower temperatures than any previous 
apparatus has been developed at Arthur 
D. Little, Inc., 30 Memorial Dr., Cam- 


bridge, Massachusetts. The temperature — 


produced in the machine—approximately 
500 degrees colder than those of the re- 
frigerator in your kitchen—come to within 
a fraction of a degree of the coldest tem- 
perature that scientists believe can ever 
exist. There are no moving parts or 
flowing fluids in this cooling system. It 
uses, instead, a plastic capsule three 
inches long, containing a special chemical 
salt as the refrigerant. Operation of the 
refrigerator is controlled entirely by 
external magnetic fields. 


@ Consolidated Engineering Corp., 300 
N. Sierra Madre Villa, Pasadena 15, 
California, has issued a new general 
catalogue, Analytical and Control Instru- 
ments. Another bulletin, Process Refrac- 
tometer by the same company describes 
this instrument for monitoring and control 
in chemical and petroleum processes. 


@ Bulletin 100-D, Index of Literature, 
is a compilation of Honeywell informa- 
tion on instrumentation available from 
Minneapolis-Honeywell Regulator Co., 
Wayne and Windrim Aves., Philadelphia 
44, Pennsylvania. 


@ Allied Radio Corporation, 100 N. 
Western Ave., Chicago 80, Illinois, has 
released its new 1956 catalogue (No. 150), 
featuring an unusually large selection of 
radio, television, and electronic parts and 
equipment for use in schools, classrooms, 
laboratories, and shops. 


@ Facts About Titanium contains a list 
of the commonly available titanium 
alloys and their compositions, forming and 
welding methods, heat treatment and 
machining information, as well as current 
and projected prices and other pertinent 
data. A brief comparison of titanium 
properties with those of a stainless steel 
and aluminum alloy is also included. 
Inquiries should be addressed to Arthur D. 
Little, Inc., Mechanical Engineering Divi- 
sion, 30 Memorial Dr., Cambridge 42, 
Massachusetts. 


@ A new publication, Measurement of 
Vibration, has been made available by the 
General Radio Co. This booklet, con- 
sisting of 64 pages, covers the meaning of 
vibration terms, description of vibration 
measuring instruments, procedures, typi- 
cal examples, and interpretation of results. 
A short section is devoted to the human 
response to mechanical vibration. Copies 
are available from the General Radio Co., 
275 Massachusetts Ave., Cambridge 39, 
Massachusetts, 


@ Sigma Chemical Co., 4648 Easton 
Ave., St. Louis 13, Missouri, announces 


publication ot Fall 1955 Bicchemical and 
Organic Preparations. 


@ A new edition of What's New for the 
Laboratory, 24th in the series, has just 
been announced by the Scientific Glass 
Apparatus Co., Inc., Bloomfield; New 
Jersey. 


@ A new price list shows availability for 
the first time of two new products: (1) 
Analytical Grade Chromatographic Alu- 
mina, and (2) Anion Exchange Resins 
which have been treated with an indicating 
dye to change color reversibly in going 
from the hydroxide to the other ionic 
forms. In addition, the Price List “L”’ 
includes current information on analytical 
grade anion and Cation Exchange resins 
prepared by purification of commercial- 
grade Dowesresins. Bio-Rad laboratories 
800 Delaware St., Berkeley, California. 


@ A revised edition of the Tempil Basic 
Guide to Ferrous Metallurgy—in an 8'/;-in. 
X 11-in. black and white version—is now 
available. This chart provides a handy 
reference source for the engineer, metal- 
lurgist, and skilled worker, and has 
proved to be an excellent teaching aid in 
fundamental courses on metallurgy. Avail- 
able from Tempil® Corp., 132 W. 22nd 
St., New York 11, N. Y. 


@ General Biochemicals, Inc., 11 Labo- 
ratory Pk., Chagrin Falls, Ohio, is offering 
a new bulletin entitled, Biological Test 
Diets listing a wide range of prepared 
diets for the feeding of experimental 
animals. This little handbook is a ready 
reference for nutritional investigators 
engaged in biological research. Com- 
plete formula information and prices are 
given on a wide range of ready-to-use 
test diets. Various vitamin-, mineral-, 
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ALCONOX, IN 
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61-63 CORNELISON AVE., JERSEY CITY 4, N. J. 


Yes, we’re bragging—and understandably so; 
because we back our claim with the uncondi- 
tional guarantee that if ALCOJET is not the 
finest machine detergent you have ever used, 
please return the empty box for a full 

cash refund. 

If you use a machine washer to clean 
laboratory gl e, Porcelain, Metal or 
Plastic equipment use ALCOJET, the detergent 
specifically designed to preyent streaking, 
spotting or film residues. 

ALCOJET is made by the manufacturers of 
ALCONOX, the world’s leading hospital 

and laboratory detergent for hand washing. 
Order from your regular Alconox supplier or 
write direct to Department M for free sample 
and additional information. 
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NEW LITERATURE Bs 
3) 
WAR (Slightly Higher on Pacific Coast) 


DISTILLATION TRAIN 


a vacuum distillation train in 
in a single compact unit 


A low istsperature trap supplied with a Dewar, 
eX ‘ and a 20 m:a fritted disk manostat. A new compact 
3 ze design. The manometer has a mirror metric scale, 
Paik: all mounted conveniently on a single base. Occupies 
a space 12” square, 18” high. 
2 , ® CONVENIENT Distillation Train ready for use at all times. * 
COMPACT Design saves bench space. 
ACCURATE 20 mm fritted disk allows precise pressure 
adjustment. 
© SAFE Rigid mounting reduces breakage. 
- ®@ CLEAN Uses spherical joints for all connections. 
Bs Demeiiis simply from clips for cleaning. 
@ MANOMETER Air Trap design cf Manoreter allows easy 
filling. Adjusiadle «irrer scale eliminates 
parallax in reading 


This distillation train is furnished with a gray crackle fin- 
ished base and chrome non-corrosive clips, also a handle, 
which is conveniently mounted for ease of carrying. 


Price $1 25.00 ea. 
4: Discounts in lots of 3 or more. 


For further information write Dept. G.S.D. 


Delmar 


Scientific Laboratories 


: 
155) ‘NORTH CICERO AVENUE @ _CHICAGO 51, ILLINOIS 


SEMI-MICRO APPARATUS 


IMPROVED WACO SEPARATOR 


Speeds up laboratory procedures. 
Completely safe for student use. 
Economically priced. Silent smooth 
operation. Ruggedly-built for long 
wlife. 


No. CE-2314-M. WACO Separator. 
For 110 V. 60 cycle. CAST ALUMINUM 
HEAD. With removable tube holders 
for two 100 mm. and two 75 mm. test 
tubes (other selection is permitted). 


Each $47.00 


The tenth student need not wait ten 
minutes .. . the WACO permits quick 
stopping through slight palm pressure 


At the price they class as “Non-Returnables”! 


HAND FINISHED Spatulas, perfectly shaped for Semi-Micro 
Qualitative and Organic Chemistry. WACO Monel Spatulas are 
nicely balanced, permanent pieces. Glassware breakage is reduced, 
as scratching is eliminated. 

No. CE-7027. WACO Monel Spatulas, 175 mm. long, blade 23 X 5 
mm, tapered to 3 mm. width. Slightly dished tip to hold crystals. 
Bottom rounded. In 100 lots $21.50, $2.70 per doz. 


RED STYRENE 
PLASTIC 


WACO 
BOTTLE 
TRAYS 


Beautiful . . . reagent resisting . . . strong, Styrene Plastic! Your stu- 
dents take real pride in their own set . . . and this stimulation of 
interest, through use of this NEW modern tray, means much! 

No. CE-7905. WACO Plastic Tray. For 14 Dropper Bottles 15 ml. 


%* All apparatus used for “EXPERIMENTS 
IN ORGANIC CHEMISTRY” by Dr. 

Lovis F. Fieser, is available from 

WACO. 

Write for complete listing JC-12. 


LABORATORY SUPPLIES AND CHEMICAIS 


-WILKENS ANDERSON CO. 


4525 W. DIVISION ST 


CHICAGO 51 e 


ILLINOIS 


JOURNAL OF CHEMICAL EDUCATION, DECEMBER, 1955 


are ¢ 
dent 
yeal 
just 
cate 
che! 
ava 
Mo) 
Ave 
dive 
ind 
pre: 
m 
' 
Ind 
Lee 
an 
Semi-Micro 4 Aah 
Bottles Ne: 
e. 
sod 
Pot 
indi 
lurg 
No. CE-7995-B. For 12 bottles, 30 ml. Each.............60¢ 
wri 
Cor 
54, 
des 
pur 
trol 
N 
ape: 
4 
{ 
32 Ple 


t ten 
quick 


sure 


licro 
are 
ced, 


x 5 
tals. 


carbohydrates-, and protein-deficient diets 
are described. 


@ A.600% increase in the use of molyb- 
denum in catalysts over the past two 
years is reported in Molybdenum Catalysts 
for Industrial Processes, a 24-page booklet 
just published by Climax Molybdenum 
Co., Dept. L, 500 Fifth Ave., New York 
36, 8. 


@ Techniques, a new publication of 
Barnes Engineering Co., 30 Commerce 
Rd., Stamford, Connecticut, features 
news of developments in Automation 
Equipment, Infrared Components and 
Systems, and Process Control Instru- 
mentation. 


@ Two new catalogues of technical 
reports available from the Government, 
one on electroplating and polishing and 
the other on photochemistry and photo- 
electricity, have been compiled by the 
Office of Technical Services, U. S. De- 
partment of Commerce. Price of the 
catalogues is 10 cents each. They are 
CTR-159, Electroplating and Polishing, 
and CTR-311, Photochemistry and Photo- 
electricity (excluding photography), and 
may be ordered from OTS. 


@ The first comprehensive review of 
industrial applications of molybdenum 
chemicals has been published by the 
American Chemical Society and is now 
available in reprint form from Climax 
Molybdenum Co., Dept. L, 500 Fifth 
Ave., New York 36, N. Y. 

Comprising seven different papers, this 
survey details molybdenum’s wide use in 
diverse chemical fields, and points to new 
industrial applications resulting from the 
present increased tempo of molybdenum 
research. The papers were originally 
presented under the sponsorship of the 
American Chemical Society’s Division of 
Industrial and Engineering Chemistry. 


@ LEN File Publications is an index to 
Leeds and Northrup literature on auto- 
matic controls, measuring instruments, 
and various -manufacturing processes. 
Ask for Booklet ENT 1, Leeds and 
Northrup Co., 4901 Stenton Ave., Phil- 
adelphia 44, Pennsylvania. 


@ An informational folder on Trona 
soda ash has been prepared by American 
Potash & Chemical Corp., for use in such 
industries 1s glass, mining, and metal- 
lurgy, sc > 3 and detergents, plywood and 
adhesive. and chemical processing. 
Copies ec ‘ae bulletin can be obtained by 
writing American Potash & Chemical 
Corp., 3030 W. Sixth St., Los Angeles 
54, California. 


@ Precision Scientific Co., 3737 W. Cort- 
land St., Chicago 47, Illinois, has pub- 
lished Bulletin 912 on their “Midget” 
Water Still, a laboratory still especially 
designed for small-volume but high- 
purity requirements. 


@ Equipment for measuring and con- 
trolling solution conductivity is listed in a 
new Catalog #22 now available from 
Industrial Instruments Inc., Cedar Grove, 
New Jersey. 


Cut Your Glass Easily and Speedily 
with the Self-Contained Welch 


HOT-WIRE GLASS-TUBING CUTTER 


Glass tubing bottles, or jars up to 3 inches in 
diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex-brand glass, or other hard- 
glass tubes can be cut with equal ease. The article 
is first encircled with a scratch made by a cutter 
wheel conveniently mounted on the side of the trans- 
former, the scratch is heated by contact with the 
hot wire, and then cooled quickly by applying water 
or by blowing on it. No other equipment is re- 
quired. 


The cutting wire is supported on two insulated 
posts and is heated by current from a 12-volt trans- 
former serving as the base. No. 24 (B & S gauge) 
nichrome wire is used aid is easily replaced. Three 
extra wires are included. By means of an adjust- 
ment on the transformer, the current can be con- 
trolled to give the optimum heat for whatever type 
of glass may be used. An instruction plate is 
mounted near this control. The unit operates on 
115 volts, 50 or 60 cycle A.C. Over-all dimensions 
are 6 x 41/, x 9 inches high. 


Each, $27.50 No. 5210 
W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880————— 
1515 Sedgwick Street. Dept. D-1 Chicago 20, Illinois, U.S. A. 


a Manufacturers of Scientific Instruments and Laboratory Apparatus - 


there is no better - 
LABORATORY WARE 


The producers of VITREOSIL* (Vitreous Silica) will meet 
your most exacting requirements in transparent and non- 
transparent laboratory ware of the highest standards. 

Chemical purity, high resistance to heat shock as com- 
pared to other ceramics, unusual electrical resistivity, best 
ultra-violet transmission (in transparent quality), plus low 
initial cost compared to platinum, are some features of 
VITREOSIL fused quartz. 

With our unusually large stock of standard items, includ- 
ing transparent, glazed and unglazed crucibles, evaporating 
dishes, beakers and tubing and rods in all diameters and 
sizes, we also have facilities for fabrication of special items. 

Write today, giving us full details of your laboratory ware 
problem or ask for illustrated Technical Bulletin 22. 

*® 
THERMAL AMERICAN FUSED QUARTZ CO., INC. g 


18-20 Salem Street, Dover, New Jersey # 
Please send Technical Bulletin 22 and prices: 4 
Company 
Name and Title # 
Street........ 
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in Effortless Weighing 


abc QUIK CHEX 
Single Pan Balance made in U.S.A. 


CAPACITY: 200 grams ACCURACY: +0.1 mg. 


True Single Pan Balance Providing 
© Balance Dish Taring Device 
© Constant Sensitivity 
e Accurate Substitution Weighing 
@ Rapid Reproducibility (30-40 seconds) 


6 abc ‘‘Designed for Tomorrow”’ Features 
1 Eye level result visibility 
2 Convenient arm level operating comfort 
3 Front loading of pan—no reaching around sides 
4 Large 5 inch diameter pan 
5 Bow 10 inches high to accommodate tall containers 
6 Simple parts assembly—easily removed to clean or 


Price 


Descriptive bulletin OC gives complete 
specifications. Write for a copy. 


—Starting New Trends—— 


We recommend... 


$-SOLID 
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ti RS 


» “The Versatile Desiccant” 
For Drying 


SOLIDS—LIQUIDS—GASES 
in 
INSTITUTION—INDUSTRY 
LABORATORY—PLANT 


Efficient—Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. H,O per liter. 


Versatile—An all-purpose desiccant. 


Non-Wetting—Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral—Dries without reacting with either 
acid or alkaline materials. 


Inert—Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 


Regenerative—Repeatedly after any normal 
use, by dehydration at 235 to 250°C. 


Economical—Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 


References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 
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@ New 12-page Burrell Booklet 83 de- 
scribes the Kromo-Tog, a new self-con- 
tained instrument for the analysis of gases 
and liquids by gas chromatography. 

Fully explained is the elution method of 
analysis for which the Kromo-Tog pro- 
vides all of the basic instrumentation 
needed by the modern laboratory. 

Burrell Corp., pioneers in gas chroma- 
tography, offer the new Booklet 83 free on 
request. to the company at 2223 Fifth 


Ave., Pittsburgh 19, Pennsylvania. 


@ The Photovolt Corp., 95 Madison 
Ave., New York 16, N. Y., offers a new 
Bulletin #118 on a battery-operated pH 
meter Model 125. 


@ The-datest type of infrared detectors 
used as sénsing elements in radiometer, 
pyrometers, infrared ‘spectrometers, and 
other infrared instruments are described 
in a new bulletin called optiTherm Infrared 
Detectors. Published by Barnes Engineer- 
ing Co., 30 Commerce Rd., Stamford, 
Connecticut, the bulletin describes the 
characteristics, construction, circuitry, and 
uses of these high-speed thermistor-type 
sensing elements. 


@ Latest issue of Lanco Apparatus News 
(Volume 7, No. 1) has been published by 
Arthur 8. LaPine & Company, 6001 S. 
Knox Ave., Chicago 29, Illinois. Fea- 
tured items are a new model polyethylene 


sink trap, flash-evaporator, separatory 
funnels and burets with Tefion plugs, and 
a ‘do-it-yourself’. water bath with a new 
electronic relay. 


% A promising future for the small gas 
turbine was predicted by Mr. P. L. Ward 
of the Solar Aircraft Co., in a paper pre- 
sented to the National Meeting of the 
American Institute of Chemical Engineers 
at Lake Placid. The industrial use of 
small gas turbines is advancing, he stated, 
in spite of its high fuel consumption be- 
cause of substantially lower maintenance 
costs. At the same time, he pointed out 
the areas of greatest use. The small 
gas turbine has been selected where weight 
is important, such as in aircraft, or as 
portable fire-fighting pumps. Reliable 
starting ability in cold weather is another 
reason for increasing use of this machine. 
Oil companies are finding the small gas 
turbine useful in exploration, both in 
frigid Canada where the exhaust heat is 
useful, and in arid deserts where water is 
more expensive than fuel. Where low- 
cost fuel is available the gas turbine is 
readily accepted. 


% A plan analogous to the workmen’s 
compensation act has been advocated 
to cover public liabilities in nuclear reactor 
operations. 

The suggestion was made by William 
M. Cousins, Jr., assistant director of 
Armour Research Foundation of Illinois 
Institute of Technology, at the Atomic 
Industrial Forum’s annual meeting. 

Cousins recommended the passage of an 
“atomic compensation act”? which would 
provide for fixed damage payments to the 
public and a fixed limit of liability for 
companies, 
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PARR instRuMENT. co... MOLINE. ILLINOIS” 


¢ MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT | 


EST. 1899: 


Make Them In a 


FIVE EASY STEPS convert powdered samples into |® 
convenient tablet or pellet form using the Parr |@ 
Series 2811! Pellet Press. Only stainless parts contact |@ 
the sample. Moderate hand pressure develops |@ 
compressive force of approx. 2000 psi. Pellets are |@ 
easily ejected into a stainless receiver. Interchange- |@» 
able punch and die sets offered in three sizes. @ 
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Obtainable from any Parr Dealer, or write direct 
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S:§ Membrane Filter Folder — 


Detailed information and 
simple directions for use of 
membrane filters. This folder 
describes the new S&S “Bac- 
T-Flex’’*, flexible membrane 
filter with a larger, green-col- 
ored grid designed for easier, 
more accurate bacteria count. 


S2§ Filtration Chart 


This wall-sized chart 
shows at a glance which 
filter paper to use for a 
given analysis. Gives rela- 
tive retention values of 
S&S Analytical Filter 
Papers and other brands. 


S:S Filter Paper Sampler 


S&S Analytical Filter Papers 
are known for their consistent 
accuracy, physical uniformity, 
and a wide variety of types. 
Make your own tests. Com- 
pare. Send for your free sam- .- 
pler of many S&S grades. 


is a trademark 


Mail the coupon, now 


Carl Schleicher & Schuell Co. 
Dept CE125, Keene, New Hampshire 


Send your free S&S: [—] Membrane Filter Folder 
Filter Paper Sampler [[] Filtration Chart 
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modern, ovens = used, while other sizes will be manufactured 
ing, sample aging, moisture determination ste. : P ‘ . 
rs and other research and control operations where uni- to special order if the quantity warrants. wir 5, 
form temperature and fast drying times are required. h 
Many are currently being used in research and control than 
laboratories as well as hospital and clinical laboratories. WHATMAN Extraction Thimbles are seam- y at he 
an 
THERMO WALL CONSTRUCTION REDUCES FIRE — 
aD EXPLOSION DANGER less, uniform in size, thickness and porosity ul os 
By actually using the walls to introduce heat into the ovens, and are virtually free of material soluble in scienti 
these Labline Forced Draft ‘Thermo-Circulator’ Ovens , Any 
eliminate exposed inside heaters and their fire and explosion organic solvents. in mir 
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CAT. NO. 3505M. Range to 200° C. Working chamber size: 16” W, H. REEVE ANGEL & C0. INC. Volum 
air neon pilot light and 3-wire grounded cord | 52 Duane St. New York 7, N. ¥. Thorit 
sed plug. For 115/380 V., 50-60 Cy., 1800 Watts aids istry 
Gar. No, Range to 260°C. Working size: 
13” H. X 13” Overall size: 19” W x i9” D. Remember, that for chromatography and electrophoresis Mater: 
wth 3 perforated aluminum shapes WHATMAN Filler Popers and Cellulose Powders are Volum 
CAT. NO. 3005M. Range to200°C. Working chamber size: 16" W. Medic: 
X 20” H. X 18” D. Overall size: 24” W X 23” D. Fur- Effects 
nished complete with 4 perforated aluminum Hd thermometer, a 
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Cousins described many of the safety 
precautions taken in installing the nation’s 
first nuclear reactor specifically for in- 
dustrial research at Armour Research 
Foundation’s facilities in the heart of 
Chicago. The reactor, which will be 
completed early in 1956, also is the 
first to be constructed in a highly popu- 
lated area since the development of 
Fermi’s original reactor in 1941. Cousins 
estimated that some 11,000 persons live 
within a radius of 1500 feet of the site 
of Armour’s reactor. Cousins praised 
the press and the Atomic Energy com- 
mission for their assistance in quieting 
the fears of the public. 


* Peaceful Uses of Atomic Energy: Secre- 
tary-General Dag Hammarskjold an- 
nounced the forthcoming publication by 
the United Nations of the Proceedings of 
the International Conference on the Peace- 
ful Uses of Atomic Energy, held in Geneva 
in August, 1955. 

The Proceedings, which will be published 
in 16 volumes of approximately 500 pages 
each, will constitute the complete, un- 
abridged record of the Conference, and 
comprise all papers, whether presented 
orally or in written form at the Conference, 
together with a record of the discussions 
concerning each paper. 

These Geneva papers will be published 
by the United Nations in several lan- 
guages; the English edition will be avail- 
able in the beginning of 1956, the other at 
a later date still to be determined. 

The publication, in full, of the Geneva 
papers is considered unique in that it 
will be the only publication which will 
make available, in their entirety, the more 
than 1,000 scientific papers submitted 
at the Conference by over 30 countries 
and international agencies, and _ will 
constitute the only complete record of the 
Conference, at which approximately 1,200 
scientists from 72 countries participated. 

Any of the individual scientific papers, 
in mimeographed form, may be purchased 
at 25 cents each by designating the 
author and title, from the United Nations 
Bookshop. 

The following are the tentative titles 
of the 16 volumes: Volume 1, “The 
World’s Requirements for Energy; The 
Role of Nuclear Power.’’ Volume 2, 
“Physics; Research Reactors.” Volume 
3, “Power Reactors.’”’ Volume 4, ‘“Cross- 
Sections Important to Reactor Design.” 
Volume 5, “Physics of Reactor Design.” 
Volume 6, “Geology of Uranium and 
Thorium.” Volume 7, ‘Nuclear Chem- 
istry and the Effects of Irradiation.” 
Volume 8, “Production Technology of the 
Materials Used for Nuclear Energy.” 
Volume 9, “Reactor Technology and Chem- 
ical Processing.’”’ Volume 10, “Radio- 
active Isotopes and Nuclear Radiations in 
Medicine.” Volume 11, “Biological 
Effects of Radiation.” Volume 12, 
“Radioactive Isotopes and Ionizing Radi- 
ations in Agriculture, Physiology, and 
Biochemistry.” Volume 13, “Legal, 
Administrative, Health and Safety As- 
pects of Large Scale Use of Nuclear 
Energy.” Volume 14, “General Aspects 
of the Use of Radioactive Isotopes; 
Dosimetry.”” Volume 15, “Applications 
of Radioactive Isotopes and Fission Prod- 
ucts in Research and Industry. Volume 
16, “Record of the Conference. 


THISTLE TUBE 


Made of unbreakabie polyethylene, can 
be used again and again. 


No more cut and gashed hands 


Low initial cost — No breakage, therefore, 
no replacement cost. 


Plain end or Saren Tubing attached 


and completely New NALGON TUBING 0 


Flexible — Transparent — Odorless 
Tastless — Non-Toxic 
Write Dep't TT-C for Bulletins Featuring 


HIGH, HIGH QUALITY 
LOW, LOW PRICES 


VINELAND JERSEY. 
LOUISVILLE, KY, 639-41 SOUTH HANCOCK 


e Distillation 

e Evaporation 

e Extraction 

e Fractional Distillation 
e Freezing Point App. 
e Grignard Preparations 
e Melting Point App. 

e Reflux Apparatus 

° Separation 

e Steam Distillation 

e Vacuum Distillation 
e Vacuum Filtration 


*QUICKFIT” SEMI-MICRO 


ORGANIC PREPARATION APPARATUS 


A Complete Organic Lab in Miniature 


Over 60 “Quickfit” interchangeable components incorporating “Quickfit” ground glass joints 
are mounted on both sides of a stand 28” long by 8” wide by 16” high, weighing only 14 
pounds. All common organic techniques as listed above can be performed and the complete 
apparatus is easily portable. The various condensers are connected in series, the water in- 
let and outlet for the entire unit being located at the foot of the end panel. 


#11955 “Quickfit” Semi-Micro Organic Set, complete with all glassware, stand, and 3 stand- 


ard taper thermometers—10 to 110°C, 0-250 °C, $165.00 
Descriptive Bulletin on Request. 
ROCHESTER SCIENTIFIC COMPANY 
38 Scio Street P.O. Box 163 
Rochester 1, New York Baker 0698 
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OPPORTUNITY for the hobbyist. Import your own. Save METHYL ESTER HCI ; >. 
i retailers’ and importers’ profits, (about 35%). CARCINOGENICS be 
! for sales-minded scientist. Pay postman duty. No other charges. = 
Exakta 1955. Automatic diaphragm 
dustrial laboratories has an opening on its Rolleiflex Automatic 1955 Tessar F3.5 € 
sales staff. with case $155.00 (duty $15.50) 
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OGRAPH 


Trademark Reg. U.S. Pat. Off. 


MANUAL 


E. H. Sargent & Co., the manu- 


The Model III is recommended: 
(1) In those routine analyses where only one substance 
is determined and where the step shape approximates 
a pure form, characteristic of reversible reactions in- 
volving simple ions in fairly substantial . i. 
In such cases, step height may be measured as (Tete 
ence between two points, one on the residuai cu‘ rent 
plateau and one on the diffusion current plateau. For 
measurements of this type, a simple manual instrument 
such as the Model III is preferable to a recording Polar- 
ograph because of the speed and ease with which it may 
be operated even by relatively non-technical personnel. 
(2) In those laboratories where a recording instrument is 
now in use for several determinations, a Model III may 
be used for each determination, thus releasing the record- 
ing Polarograph for research purposes and for establish- 
ing the conditions of the routine analyses. 

(3) In the performance of amperometric titrations. 

(4) For instructional purposes in educational institutions 
where the 315 mm. long, readily visible scale and the sim- 
plicity of design make the Model III Polarograph ideal 
for demonstrations and illustration of the basic circuit 
employed in Polarographs. 

Essentially the Model III provides facilities for the 
incremental application of voltage across the dropping 
mercury electrode cell and for indicating the resultant 
current passing through the cell. The cell current is 
measured by a highly sensitive galvanometer from which 
a line light image is transmitted, througk a mirror system, 
to a translucent scale located above the instrument panel. 
The scale is double graduated from —150 to +150 mm. 


facturer of Polarographs, offers 
three different Polarographs— 
the Model XXI Visible Chart 
Recording; the Model XII 
Photographic Recordiug, and 
the Model III Manual. 

The Model Ili Polarograph 
may be used in any phase of 
polarography, but it is partic- 
ularly recommended for appli- 
cations to which it is peculiarly 
suited and in which recording 
facilities are unnecessary. 


with zero center in red at top and from zero to +300 mm. 
in black at the bottom. The scale is 31.5 cm. long, with 
circular curvature, to eliminate tangent error. Each 
graduation is extended !5 mm. at left for zero adjustment. 
A continuous selection of bridge voltage from 0 to 3 volts 
is provided, and the selection of output voltage is by 
rotation of a single dial, this dial reading direct in 
millivolts per span volt. Current is calculated simply by 
multiplying scale reading by multiplier reading by sensi- 
tivity coefficient of galvanometer. To adjust galvanometer 
sensitivity a ten position Ayrton galvanometer shunt is 
provided. Galvanometer sensitivity is approximately 
0.005 microamperes/mm. and galvanometer shunt ratios 
are from 1:1 to 1000:1. A three position toggle switch 
permits that the sense of the galvanometer scale remain 
unchanged regardless of cell current direction or polarity 
of the dropping electrode. 

A ten turn helical potentiometer serves both for upscale 
and downscale compensation and for adjustment of the 
galvanometer zero position. 

Another potentiometer incorporating a power switch 
serves to select the desired voltage across the bridge. A 
panel mounted voltmeter accurate to 1.0% of full scale 
indicates the voltage established. 

The instrument is mounted on a cast aluminum base 
and enclosed in a sheet metal housing provided with a 
hinged top and finished in black enamel. All controls are 
mounted on a polished aluminum panel. 
$-29290 POLAROGRAPH—Manual, Indicating, Model 
III, Sargent. Complete with three No. S-30858 dry cells, 
one No. S-29304-A galvanometer lamp, one set No. P.N. 
1995 cell lead wires, one No. P.N. 2067 calibrating 
resistor plug, 250,000 ohm, and cord and plug for con- 
nection to standard outlets. For operation from 115 volt 
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CONDENSED~—1o0 serve you better 


‘TIME, to the chemist, is more precious than plu- 
'tonium. That’s why the Fisher Catalog Supplement 
has been edited so. carefully. In fact, this indis- 
'pensable little reference book takes only 112 pages 
to list all the instruments, apparatus, glassware 
‘and laboratory furniture added to Fisher stocks 
since the 1952 publication of the Fisher Catalog. 
_ The Catalog itself was quite a feat: so com- 
pressed and clarified that its 986 pages contain an 
even wider selection than the 1500-page “giants” 
ion catalog shelves. 

_ All of the items in the new supplement, selected 
and tested by the Fisher technical staff, are factu- 
ally described; painstaking woodcuts as well as 
action photos assist the text. In addition, the 
supplement presents dozens of major instruments 
newly developed and manufactured by Fisher and 
not available elsewhere. (For your convenience, 


the supplement is not burdened with reagents; 
7000-plus Fisher reagents are listed separately in 
the handy Fisher Chemical Index.) 

Used together, the catalog and supplement place 
in your hands the largest, most comprehensive 
assortment of laboratory tools available anywhere. 
If you have not received your copy, write for 
catalog supplement 111, 717 Forbes Street, Pitts- 


burgh 19, hee 
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